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Summary 
The effect of moisture on threshold friction speed of particle transportation is a basic interest for scientists, 
even though the wind erosion studies have been majored in arid and semi-arid zones or coastal dune fields. 
This study is expected to provide some clues for the earliest developing stage of wind erosion landforms in 
terms of targeting studies in humid climate area, because some of large aeolian landforms in arid and semi-arid 
zones were originated from fluvial processes under a past humid climate. Moreover, the limited conditions for 
wind erosion due to mild and humid climate zones often lead our attention to the areas eroded on a large scale 
with unique characteristics of natural environments and to collecting information on histories of climate change. 
The objective of this study is to elucidate the geomorphological features and forming processes of wind erosion 
‘blowouts’ under a humid temperate climate, and physicochemical properties of reworked deposits ‘dunes’. 
For this purpose, field studies supported by aerial photo interpretations at Esashi, Shiriyazaki, Isozaki-Ajigaura, 
and Kashima areas in northern and eastern Japan and physical, chemical and mineralogical analyses: pH(NaF), 
grain size distributions, total carbon content and humic properties (MI, PI, ΔlogK), color values (CIE-L*a*b*) 
and mineral composition of the dune materials were carried out. The results suggested that wind erosion 
features and dunes have some common forming conditions, physicochemical properties, and distinctive 
forming processes as follows:  
Blowouts were distributed at head of coastal cliffs (≥15 m high) of the terraces consisted of marine 
sediments (sand and gravel) and loam. The coastal cliffs met at right angle to prevailing winds and were located 
where winds were easy to converge on such as crooks in the contraposed shorelines or the mouth of the river. 
Behind blowouts, many dunes were situated on the uppermost terrace scarp.  
When loam layers and marine sand sediments are eroded and reworked, the grain size distributions of dunes 
are bimodal with a sand peak and a silt-clay peak. They are characterized by physicochemical properties similar 
to those of Andosols because humus accumulation is enhanced by the presence of active aluminum in the 
admixed weathered tephric materials from loam. When marine sand sediments or sand grains in loam layers 
after removing silt-clay particles are done, the grain size distributions of dunes are unimodal. Their mode are 
accorded with those of the origins, and their humus accumulation is little. 
The Esashi and Shiriyazaki dunes were composed of deposits with particles eroded and reworked by west-
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northwesterly winter monsoon from the Siberian high pressure system, except the bottom layers of Shiriyazaki 
dunes which were similar to low coastal dunes. After Hypsithermal interval, the full-scale dune formation 
started under cooler climate during Middle Jomon little regression, but interrupted around 2300 yrsBP, 1900 
yrsBP (Esashi only), and 1000 yrsBP, and black sands (E-BS1-3, S-BS2-3) were formed. Because E-BS3, S-
BS3 were formed during Heian warm period or Medieval Warm Period in Europe, wind erosions by west-
northwesterly monsoon could be calm down during warm periods.  
The Isozaki-Ajigaura and Takamagahara dunes were composed of deposits with particles eroded and 
reworked by northeasterly winds caused by strong low pressures passing in the south (e.g. southern coastal 
low). The formation age of the Takamagahara dunes is unknown, but they could develop like the Isozaki-
Ajigaura’s. The first period of wind erosion in Isozaki-Ajigaura could be after the peak of cooling about 2800 
yrsBP (one of Bond events), when loam and marine sand sediments were eroded and reworked into the dunes, 
which consisted of silt, clay and sands. The second period was between 1200 yrsBP and 900 yrsBP (Heian 
warm period), when marine sand sediments and the rest of loam (mostly sands after removing silt-clay particles 
in the first period) were done into the dunes, which consisted of sands. From records of the heavy snow in 
historical documents increasing in Kanto in 11th century (rather cool term during warm period) and the fact 
that southern coastal low often brings heavy snowfalls in Kanto, wind erosions could occur with active low 
pressures passing in the south including southern coastal low under the unstable climate getting cool 
temporarily. 
While bimodal dunes in this study were silt dunes based on the ratio of particles, what the most remarkable 
characteristic was that fine particles included weathered tephric materials derived from loam. Thus, many dune 
layers which had TC ≥ 1% and type A humic acid were similar to Andosols. Such dunes can be referred to as 
‘tephric-loess dunes’ because Japanese loam in this study is regarded as tephric loess based on the WRB 
definition. Tephric-loess dunes could be distinguished by having pH(NaF) ≥ 9.5 (WRB criterion), indicating 
the admixture of tephric materials.  
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Chapter 1 Introduction 
 
 
The word “Aeolian” is derived from Aeolus: God of Wind in Greek. In fact, wind is the flow of air from 
high pressure to low regardless of humid or dry conditions. But when it comes to moving particles by the wind, 
the moisture is an obstacle because it strengthens the cohesion of particles. Thus, among the three actions of 
wind; erosion, transportation, deposition, it is natural that erosion and transportation are noticeable in arid zone 
(Fig.1.1). While Japan is classified into a mild humid climate zone and the wind actions perform less than in 
arid climate zone, a large amount of gravels and sands are supplied from seas and various coastal dunes are 
developing on its long coasts. This is the reason the studies on aeolian deposits and landforms are mainly 
concerned with coastal dunes in Japan, which intends us to daringly set the study subject on wind erosion and 
deposits derived from wind erosion landforms in this country. As forming conditions of wind erosion landforms 
are restricted under mild and humid climates, their deposits give us a lot of information about the past natural 
environments as well as the present interestingly. In Chapter 1, the motion of particles in wind, wind eroded 
features and aeolian deposits, the history of studies about aeolian deposits in Japan are described to identify 
the purpose and significance of this study. 
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Fig.1.1 Global map of dryland area 
(Revised from Millennium Ecosystem Assessment (2005): Appendix A) 
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1.1 Aeolian landforms 
 
1.1.1 Force of the wind and the motion of particles 
Physical basis of forming aeolian landforms concerns the motion of the particles caused by winds. Bagnold, 
R.A. (1896-1990), who was a British Army engineer, is regarded as a pioneer of physics of particle motion. 
After his many experiences in the deserts of North Africa, he conducted the wind tunnel experiments and 
studied the minimum wind speeds necessary to set the particles into motion (Bagnold, 1941). That is the 
threshold curve (Fig. 1.2). Nowadays the threshold curves in various environments on Earth (Threshold 
velocities of moist particles are referred in Chapter 1.3) as well as on Mars, Venus, and Titan have been 
calculated by the basically same approach (Greeley & Iversen, 1985; Kok et al., 2012). The Bagnold Dunes 
on Mars were named after him in honor of his achievements (Jet Propulsion Laboratory California Institute of 
Technology, News November 16, 2015). 
Bagnold (1941) classified the motions of particles into three modes：suspension, saltation, and creep. Later, 
classifications in detailed modes were proposed through many studies such as Tsoar & Pye (1987), Shao (2000) 
and so on as showed in Fig.1.3. Suspension is caused when the turbulent eddies can transport a particle upward 
because the terminal speed* of a particle is less than the surface friction speed. The size of particles is smaller 
than about 70μm diameter in this mode, which is often separated into long-term suspension (<20μm) and short-
term suspension (20-70μm). In the case of long-term suspension, particles can reach heights of the order of 
kilometers, stay in the atmosphere for several weeks, and be transported thousands of kilometers. Saltation is 
caused when the trajectory path of a particle is a smoother curve because the terminal speed is larger than the 
surface friction speed and the trajectory is relatively unaffected by turbulence. The size of particles range about 
70-500μm diameter in this mode and the trajectory height is of the order of centimeters. In particular, the 
motion of around 70-100μm size particles, which has semi-random particle trajectory in state transition from 
suspension to saltation, is referred as the modified saltation. Traction (Creep) is caused when particles are too 
large or heavy to be lifted from the surface by the wind, but not too large to be rolled, slid or pushed along the 
surface by the impact of other particles in saltation. Also, reputation is the motion of a short hop by the saltation 
impact. Particles of more than 500μm diameter usually perform these motions. (Greeley & Iversen, 1985; 
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Nickling & Mckenna Neuman, 2009; Kok et al., 2012).  
The threshold curve (Fig. 1.2) shows the size of particles most easily moved by the wind is about 100μm. 
While smaller particles than this are easily carried in suspension if once they are set into motion, they are more 
difficult to move because of cohesion and various aerodynamic effects. Thus saltation is thought as the most 
important mode of transport and accounts for much of the sediment transport in an Aeolian system. (Bagnold, 
1941; Nickling & Mckenna Neuman, 2009).  
On the other hand, when the wind blows strongly enough to move various sizes, the particles tend to be 
sorted out into several grades because different sizes move different distances on different modes: non-moving 
or slow-moving materials by creep, so-called lag deposits, remaining in their sources, the grains moving rapidly 
in salutation and deposited in drifts, mounds and dunes adjacent to the sources, and the dust particles in 
suspension carried longer distances from the sources (Chepil, 1957). Pye and Tsoar (2009) represented four 
main groups of aeolian sediments: (a) poorly sorted coarse sediments i.e. lag deposits, sand sheet, and inter-
dune deposits, (b) well sorted dune sands, which consist mainly of 70-250μm grains, (c) loess, which consist 
mainly of 10-70μm particles, (d) far-travelled aeolian dusts, which consist mostly of finer than 10μm particles. 
Histograms in Fig.1.4 are the examples of grain size distributions of the above mentioned groups (b) dune 
sands and (d) far-travelled dusts obtained from our study area. It is natural that sediments of intermediate 
composition exist, and in some cases, there are mixing of sediments. 
As winds work effectively to sort materials, the grain size distributions of sediments reflect properties of 
the source and the particle moving processes. For instance, coastal sand dunes generally have strongly 
unimodal grain-size distributions (see Orits in Fig.1.4). This is explained in relation with their sand sources in 
beach having been already sorted by water flows (Endo, 2015). In contrast, inlands dunes have more variable 
grain-size distributions with poor sorting values or with bimodality in many cases, because they are derived 
mainly from poorly sorted fluvial sediments or weathered bedrock (Pye & Tsoar, 2009). The use of the 
analytical methods of grain-size distributions are intended to distinguish deposits derived from wind erosion 
and coastal dune in this study. 
 
* There are two forces acting on a particle in the air; one is the weight acting downward, and the other is 
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aerodynamic drag opposing the motion. If two forces are equal and opposite, the particle moves at its terminal 
speed downward. 
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Fig.1.2 Variation of the threshold velocity with grain size for air  (Bagnold, 1941) 
The fluid threshold: the minimum wind speeds necessary to set the particles into motion. The impact 
threshold: the minimum wind speeds necessary to set the particles into motion as a result of the impact of other 
particles. 
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(a) suspension 
 
(b) saltation, creep, reputation 
 
 
Fig.1.3 Aeolian transport modes of particles 
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Fig.1.4 Grain size distribution of aeolian deposits 
Left :An example of coastal sand dune (Oritu, Ibaraki prefecture, Japan) 
Right: An example of far traveling dust from Asian Continent (Sapporo, Hokkaido, Japan) 
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1.1.2 Wind erosion 
Aeolian erosion acts through two main processes, deflation and abrasion. Deflation blows away loose, 
fine-grained incoherent particles, and abrasion wears away hard rocks by the grinding action of windblown 
particles. The impact of abrasion process may damage both the grain and the target. Thus, abrasion is extremely 
effective to erode various materials while deflation is capable of eroding unconsolidated sediments or grains 
that are weathered from consolidated and crystalline materials. Either of two processes does not act alone, but 
both combine. Their relative importance depends on circumstances (Greeley & Iversen, 1985; Laity, 2009). 
Deflation hollows or blowouts are considered as the resulting features of deflation mainly. And their lag 
deposits contribute to form desert pavement or desert armor. Deflation hollow or blowouts are depressions 
shaped like circles or ellipses and their sizes range from about 1 meter deep and not more than 3-4 meters in 
diameter to a few meters deep and several kilometers across. Larger hollows are called pans in southern Africa, 
which are 7~10 meters deep and cover 100 m2~300 km2. Furthermore, P’ang Kiang hollows in Gobi Desert, 
Mongolia are about 120 meters deep and 6 km in diameter (Thornbury, 1969). One of the largest depressions 
is Qattare (143m Below Sea Level) in Egypt. The volume of Qattare depression is 20,000 km2, which seems 
to be too large for deflation process alone to form. Not only such giant depressions but also pans may develop 
along former river courses or on the floors of former pluvial lakes (Goudie, 1999). Studies of origin of pans 
revealed that some different processes act in combination. Materials susceptible to deflation such as poorly 
consolidated sediments, shales and fine-grained sandstones are also required for depressions growth while a 
dry climate and a vegetation-free surface are significant (Laity, 2009). 
Lag deposits are coarser materials which were left behind through the removal of smaller-sized particles 
by deflation. Desert pavement or desert armor is stony and rocky surface composed of lag deposits and their 
mantles prevent the underlying materials from eroding. They are distributed over a variety of places and their 
sizes range from a few square meters to several square kilometers. They are called gibber in Australia, gobi in 
China. In Africa, a stony desert is reg if fine materials remain, or serir if small rocks and gravels are present, 
hamada if covered with larger-size rocks (Thornbury, 1969; Dixon, 2009; GES DISC, 2015). 
Ventifacts and yardangs are often regarded as the resulting features of abrasion. The term “ventifact” apply 
to features in various sizes and forms on various materials by wind abrasion. They are found in periglacial and 
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coastal environments as well as deserts, and characterized by polished or etched surfaces, facets (wind cut 
faces), pits, flutes and grooves on surfaces. Generally facets are regarded as fundamental features of ventifacts, 
but they are relatively rare for large boulders and rock outcrops, where pits, flutes and grooves may be. That is 
because the salutation of sands effectively contributes to abrasion process and usually acts on less than 1meter 
height (Greeley & Iversen, 1985; Laity, 2009).  
Yardangs are elongated hills in the direction of the prevailing winds. Their typical form is like an inverted 
boat hull with the highest and widest part of the ridge about one-third of the distance from the bow to the stern. 
Their sizes range from microyardangs (centimeter-scale ridges), to meso-yardangs (meters in height and 
length), to megayardangs or ridge and swale systems (tens of meters high and kilometers in length). They are 
commonly in clusters. Hedin S., a Swedish explorer, was the first person who wrote down the term “yardangs” 
(Suzuki, 2011). He found landforms cut out of ancient lake sediments like a labyrinth of clay (less than 3 meters 
high) at the Lop Nor in Taklimakan Desert of China, which were called yardangs by local people. Nowadays 
the term ‘yardangs’ is applied to all streamlined, aerodynamically shaped hills, regardless of size and type of 
bedrock. Yardangs can develop in any type of rock, but they are likely to find in some compacted, fine-grained 
sediments such as volcanic ash deposits or lakebed silts and clay because they are soft enough to be sculpted 
easily and cohesive enough to retain their forms (Greeley & Iversen, 1985). About the trigger of developing 
yardangs, Goudie (2007) suggested that fluvial incision caused by occasional intense rain storms may play a 
role in early stages of yarding evolution, creating initial depressions along which wind can be channeled, and 
once established, the steep sides of yardangs may encourage mass movements to occur. Yardangs of the Lut 
Desert, Iran (Fig.1.5) is one of typical examples. Nowadays yardangs not only on the Earth but on Mars 
(Fig.1.6) are drawing attention thanks to availability of aerial photography and satellite imagery (Greeley & 
Iversen, 1985; Goudie, 2007; Laity, 2009). 
Among a variety of features of wind erosion, we will have an interest in blowouts. It is significant for us 
that ancient fluvial landforms give influences many kinds of depressions in arid or semiarid regions. 
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Fig.1.5 Yardangs of the Lut Desert, Iran 
(Landsat 2592-05510-7, September 5, 1976. High-the 80- m resolution MSS image from GES DISC, 2015) 
 
 
Fig.1.6 Martian yardangs  
(Viking 11A097, August 3. 1976. The 20-m resolution image from GES DISC, 2015) 
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1.1.3 Aeolian deposits  
Bagnold (1941) described deposition as the stage that grains reach their final resting-places and suggested 
three processes, true sedimentation, accretion, encroachment, which were modified in minor by Hunter (1977) 
and Kocurek & Dott (1981). Grainfall deposition (true sedimentation) is the process of falling of the grains 
transported by air when wind has insufficient forward velocity. Tractional deposition (accretion) is the process 
that grains moving by saltation and impact creep come into a sheltered position such as ground depression. 
Grainflow deposition (encroachment) is the process for grains that reach the brink of a dune and then slip down 
a slip face. Dunes move by the repetition of grain sliding and deposition (Greeley & Iversen, 1985). 
There are various depositions resulting from these processes and there are many classifications from 
various points of view; such as grain size constitutions, topographical features, or sources. The following four 
subjects relating to this study are discussed in detail. 
 
1) Sand dune  
Winnowing by wind gives rise to divide deposits into two groups mainly in terms of the volume of 
worldwide distribution: sand deposits and silt-clay deposits. Sand dunes are representative for sand deposits 
and others are ripples (sand surface with ripple crests and troughs being perpendicular to the wind direction), 
sand sheets (sand areas marked by extremely flat surfaces and absence of any topographic relief other than 
small ripples), sand streaks (patterns of contrasting albedo by differences in grain size, grain composition, and 
aeolian bedform), sand shadows (accumulations of sand in the lee of obstructions), and sand drifts 
(accumulations of sand in the lee of a gap between two obstructions) and so on (Thornbury, 1969; Greeley & 
Iversen, 1985; GES DISC, 2015).  
Sand dunes are mounds of sands made by the wind. Bagnold (1933) defined a dune as “a mobile heap of 
sand whose existence is independent of either ground form or fixed wind obstruction” (Thornbury, 1969). Sand 
dunes have gentle upwind slopes on the stoss (wind-facing side) and commonly steep avalanche slopes referred 
to as slip face. Hack (1941) classified initially defined three major types of dunes; longitudinal dunes, 
transverse dunes, parabolic dunes, and compiled into the diagram in their relationships with vegetation, sand 
supply, and wind (Fig.1.7). Subsequently, in terms of the use of local names by many researchers, the 
19 
 
classification of sand dunes resulted in a confuse, McKee (1979) proposed a classification for smaller dunes 
on the basis of their internal structures; longitudinal dunes, transverse dunes, barchan, star, dome, and parabolic 
dunes. Then Breed & Grow (1979) showed that these basic types apply to large mega-dunes of the sand seas. 
They classified them as linear, crescentic, dome, star, and parabolic based on dune shapes in plan-view and 
the positions of their slip faces with Landsat images and aerial photographs (Greeley & Iversen, 1985; GES 
DISC, 2015). More detailed classifications based on the external morphology, formative winds or sediment 
supply have been proposed since (Lancaster, 2009). In this study, we follow Breed & Grow (1979) 
classification system, which is evaluated to have global applicability.  
Crescentic dunes, the crescent-shaped asymmetric mounds or segments of ridges, are the most common 
dune forms on Earth and on Mars (GES DISC, 2015). They have larger width than length and is bounded on 
its concave side by a slip face, and are oriented the direction that is approximately perpendicular to the 
prevailing wind. Their patterns are quite regular and so they have close correlations between the dune height 
and spacing (Lancaster, 2009). Barchan, one of the basic crescentic dunes, generally develops in areas of 
limited sand availability (Fig. 1.8a). It is characterized by an ellipsoidal shape in plane-view, with a concave 
slip face and horns extending downwind. Dune height is typically about one-tenth of the dune width (Lancaster, 
2009). Barchan can move downwind long distances without changing its form. Migration rates are in excess 
of up to 30 m per year for small barchans and 5-10 m per year for larger dunes (Pye & Tsoar, 2009). The largest 
compound barchans were reported in the Taklimakan Desert, where their average horn-to-horn mean width is 
3.2 km (Breed & Grow, 1979), but most barchans are smaller. With increase of sand supply, Barchanoid ridge 
dunes are developed to consist of chains of crescent-shaped dunes that link together to further form a scalloped 
ridge: Transverse ridge dunes (Fig. 1.8b,c). Most barchanoid ridges are between 3 and 10m high, with a spacing 
of 100-400m (Lancaster, 2009). As sand supply increases furthermore, Transverse ridge dunes are formed (Fig. 
1.8c). A fairly straight ridge replaces crescentic elements in transverse ridge dunes (Greeley & Iversen, 1985). 
Linear dunes or longitudinal dunes (Fig. 1.8f) are straight or slightly sinuous longitudinally symmetrical 
sand ridges (often more than 20km long) and cover more area in the sand seas of Earth, but are rare on Mars 
(GES DISC, 2015). They are oriented parallel to the prevailing wind direction or to the vector of multiple wind 
direction, and some dunes in Australia have ‘Y’ junctions which are open into the wind (Greeley & Iversen, 
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1985). Generally linear dunes have lower gently sloping plinths, and slip faces occur alternately on both sides 
(Tsoar, 1978). They often form sets of parallel ridges separated by interdune corridors, which can be twice the 
mean width of dune regardless of dune sizes in open areas (Breed & Grow, 1979). Considering the internal 
structure and morphology, there may be two different types of linear dunes; the long, narrow, straight, partly 
vegetated linear dunes of the Simpson and Kalahari Deserts, and the more sinuous seif (Arabic for sword) 
dunes in Sinai and in parts of the eastern Sahara (Breed & Grow, 1979; Lancaster, 2009). The origin of linear 
dunes has been controversial. Although some researchers considered their parallelism and straightness would 
depend on helical roll vortices resulting from a unidirectional wind interacting with linear topographical, there 
are inconsistencies between the spacing of many dunes and the dimensions and stability of helical roll vortices 
(Greeley & Iversen, 1985; Lancaster, 2009). On the other hand, McKee (1979), Lancaster (1982), Tsoar (1983), 
Livingstone (1993), and Bristow et al. (2000) provided field evidences and detailed process studies that linear 
dunes. They explained that the formation was oriented in bidirectional or multidirectional wind regimes and 
the long axis of each dune had extension in the resultant direction of sand movement (Lancaster, 2009; GES 
DISC, 2015).  
Star dunes (Fig. 1.8g) are radially symmetrical pyramidal sand mounds with slip faces on three or more 
arms radiating from the high center part, and are sometimes referred to as rhourds and oghurds (GES DISC, 
2015). Though they typically have a mean width of 500-1000m and a mean height of 50-150m, exceptional 
star dunes more than 300m height have been reported from Namibia and the Ala Shan Desert (Pye & Tsoar, 
2009). The arms of many star dunes do not all equally develop, so dunes have dominant arms in preferred 
directions (Lancaster, 2009). From comparisons of the distribution of dunes with wind directions, star dunes 
are suggested to be formed in multiple wind regimes (Fryberger, 1979). Also, star dunes often occur near 
topographic barriers (Breed & Grow, 1979). Star dunes are likely to be fixed in place, because their size are 
large and because they result from multiple wind directions (Greeley & Iversen, 1985). 
Dome dunes (Fig. 1.8d) are low circular or elliptical mounds which lack slip faces. Although compound or 
complex dome dunes, such as those in Saudi Arabia, are 1km or more across, most simple dome dunes are less 
than a few hundred meters across (Greeley & Iversen, 1985). McKee (1966) studied the dome dune in White 
Sands which was composed of coarser, more poorly sorted sand than any other dune type further downwind, 
21 
 
but their formation process remains conjectural (Pye & Tsoar, 2009). 
Parabolic dunes are U-shaped mounds with convex noses trailed by two elongated arms pointing upwind 
(Fig. 1.8e), and their noses and arms are bounded by slip faces on their outer convex sides (GES DISC, 2015). 
Because their formation seems to involve the vegetation and unidirectional wind regimes, parabolic dunes are 
common in many coastal dune fields besides semi-arid or sub-humid areas (Lancaster, 2009). So this dune type 
may play an important part in our studies (Fig. 1.9). Parabolic dunes derive from blowouts in a vegetated sand 
surface. At first, when any kind of local disturbances occur to vegetation by various causes and surface crusts 
or root mats are removed, a blowout can be initiated. Eroded sands are trapped by vegetation on the downwind 
side of the blowout to form dunes. Blowouts are deepened until reaching to the wet condition by capillary 
action in sand deposits (Pye & Tsoar, 2009). In this stage, parabolic dunes are also called blowout dunes. 
According to the Hack’s diagram (Fig. 1.7), parabolic dunes migrate downwind with the vegetation supposedly 
anchoring the arms (Greeley & Iversen, 1985). The largest parabolic dunes, which have trailing arms 12km 
long, exist near the Columbian-Venezuelan border (Breed & Grow, 1979). 
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Fig.1.7 Hack’s diagram (from Greeley & Iversen, 1985) 
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Fig.1.8 Dune types and wind directions (From Mckee, 1979) 
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Fig.1.9 A coastal parabolic dune in the site of Mito air-force maneuvers area in Japan 
(Photograph taken in 1984)  
Left: Side view of a coastal parabolic dune. The dune was crossing a vegetated ground from right to left. 
Right: Inside view from the top of the right arm of a coastal parabolic dune. Inside is a blowout. The Pacific  
Ocean is in the right upper part of the photograph. 
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2) Clay dune 
Loess deposits, which are composed of homogeneous and non-stratified windblown silt, are another 
representative of aeolian deposits as well as sand dunes, and will be mentioned in detail in the following section. 
Besides these, there is a type of deposits that has characteristics between sand dunes and loess. It is known as 
clay dunes in Australia, Texas Gulf Coast, Algeria and West Africa, and so on (Pye & Tsoar, 2009). Their clay 
content ranges from 23 to 77% by weight, and sand and silt particles were also found in those dunes (Bowler, 
1973). Clay dunes in Australia which were referred as lunettes by Hills (1940) have half-moon shapes. The 
horns of dunes often point upwind in contrast normal barchan (Greeley & Iversen, 1985). All of clay dunes 
were reported to be in the lee sides of drying salt flats and playas, and they rarely exceed 30m in height but 
can be some hundred meters in width. Slip faces do not develop in them (Pye & Tsoar, 2009).  
Clay dunes have internal bedding structures similar to sand dunes besides morphological features, which 
are different from loess. Dunes formation occurs as follows described in Greeley & Iversen (1985). During dry 
seasons, the silt and clay deposits of the playas and coastal lagoons crack with mud curls developing. 
Efflorescence of salts and mechanical disintegration of the mud curls produce pellets (aggregates of silt and 
clay), which are easily moved in saltation because they have modal diameters of 150-300μm (Huffman & Price, 
1949). But those aggregates are too weak to continue in saltation, and thus, clay dunes cannot migrate far from 
their source. Moreover once the pellets are wetted by rain, they are likely to weld together and eventually 
merge into a homogeneous mass (Pye & Tsoar, 2009), such as loess. 
The role of sands in clay dunes has not been analyzed well. But those sands would encourage the saltation 
of the pellets and would help the formation of internal bedding structures (Greeley & Iversen, 1985). In this 
paper, we would refer to bimodal dunes which have each peak in silt and sand size. Although their sources of 
silt-clay are very different from those of clay dunes, the movement of particles in the process of clay dunes 
formation serves as an important reference.  
 
3) Distribution of loess and aeolian dust derived from continental loess -long distance transportation 
Loess is commonly defined as homogeneous windblown silt deposits which are buff-colored, porous and 
permeable. Although the dominant grain size is said to be “silt”, loess is actually deposits of aeolian dusts and 
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thus the mean size and thickness of loess varies inversely with distance from source (Pye, 1984). Loess may 
have 10-50μm particles account for 40-50% of the total, and smaller particles (< about 5μm) can be up to 30%, 
and sand (>250 μm) can be up to 10% (Greeley & Iversen, 1985). The terms such as clayey loess or sandy 
loess may be used respectively. Loess consists of particles of quartz, feldspar, mica, calcite, and other minerals, 
but they depend on the soils of the sources (Naruse, 2006).  
Loess deposits are estimated to occupy about 10% of the land area of the Earth (Pécsi, 1968), and are 
considered to take the origin primarily from glacial outwash and deserts. The former, termed periglacial loess, 
was generally produced in the glacial epoch except some examples such as Alaskan. The majority of European, 
North and South American, and New Zealand loess, which is located in latitude 20-60, is this type (Fig.1.10). 
Fertile soils such as chernozem, prairie soil, and pampa soil are derived from periglacial loess transported by 
the westerlies. The latter, termed peri-desert loess, is deposits of aeolian dusts from deserts. Peri-desert loess 
is distributed along Mediterranean coast in the north of Sahara Desert, Sahel zone in the south of Sahara Desert, 
in the desert margins of Arabian Peninsula, Iran, Afghanistan, Pakistan, India, Central Asia, and Australia so 
on (Fig.1.10). Even in the present age, a large amount of dusts are injected into the atmosphere by local small 
vortices called dust devils, or great dust storms viewed from orbiting satellites. Every year up to three billion 
tonnes of dust are released into the atmosphere from the Earth’s surface (Bullard & Livingstone, 2009). Due 
to long-range transport caused by them, loess is found not only on the lands but in the sea. For example, it is 
known well that aeolian dusts are transported from Sahara Desert by Harmattan, dry cool northeastern wind 
in the area of Cape Verde and the Gulf of Guinea, and accumulate in the Atlantic Ocean off the West African 
Coast (Naruse, 2006; Bullard & Livingstone, 2009). 
Loess in China, which is termed Huangtu, is a highly interest in our study. The accumulation of loess on 
Huangtu (Loess) Plateau (the area of about 400,000 km2 ) is the largest on the Earth. Their maximum thickness 
is about 300 meters and loess has been deposited over the past 2.5 million years (Bullard & Livingstone, 2009). 
Huangtu is considered as the combination loess of periglacial loess and peri-desert loess. Primarily, the glaciers 
in the high mountains such as Tian Shan and Kunlun Shan provided a great number of sediments with inland 
desert basins such as Takla Makan Desert and the Gobi Desert, which were glacial outwash plains, and particles 
were transported as aeolian dusts by the strong northwesterly and westerly wind from those deserts and then 
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deposited on Huangtu Plateau (Endo et al., 1997; Sun, 2002).  
Aeolian dusts from Asian Continent travel to Korea, Japan, and even Hawaii in the Pacific Ocean as well 
as China. They are the long distance traveling dusts called Kosa (yellow dust) in Japan and are often observed 
in early spring. As one of recent cases, Kosa fell widely all over northern Japan on March and April in 2002 
(Sase et al., 2003). Their depositional rate in Pleistocene by the studies of loess in paleo dunes along coasts of 
the Sea of Japan and red-yellow soils on Nansei Islands, the parent material of which is considered as loess, is 
estimated to have been three or four times as high as that in Holocene (Inoue & Naruse, 1987; Naruse, 2006). 
The cause of the larger amount of aeolian dusts in the glacial epoch is considered as the extension of glaciers 
and deserts by less water vaper contents in air with decreasing ocean area and lower sea level temperature, and 
the stronger westerlies by large differences of temperatures between cold air mass in polar zone and warm air 
mass in lower latitudes (Machida et al., 2003). Analyses with ESR (electron spin resonance) method and 
oxygen isotope ratios of quartz show that there are three kinds of loess in Japan: the loess originated from Takla 
Makan and the Gobi Desert which is distributed westward from the Seto Inland Sea to the main island of 
Okinawa, the loess from the northern Asian Continent distributed eastward from the Seto Inland Sea to 
Hokkaido, and the loess from Continental China distributed southward from Miyakojima island (Naruse, 1998; 
Toyoda & Naruse, 2002; Naruse, 2006; Toyoda et al., 2016). Furthermore, aeolian dusts from the continental 
shelf which had emerged from the sea in the Last Glacial Maximum are assumed to be the additional source. 
But the characteristics of aeolian dusts from Asian Continent decrease their contribution in eastern parts of 
Hokkaido, Shimokita Peninsula and so on because of the influences of volcanic ash falls and other 
miscellaneous materials (Naruse, 2006).  
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Fig.1.10 The distribution of loess in the world (From Naruse, 2003) 
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4) Aeolian deposits derived from tephric material  
Volcanism is one of particle formation processes in rock cycle as well as weathering, cataclastic processes 
(e.g. glacial processes), precipitation-biological activity, and aggregation (Greeley & Iversen, 1985). Besides 
the general formation processes of loess; the weathering or cataclastic processes in deserts and glacial outwash, 
the New Zealand researchers showed that pyroclastic products of volcanic eruption can produce loess. They 
estimated that at least 10% of New Zealand’s land surface is covered by loess deposits of more than 1 meter in 
thickness, which were differentiated as mountain loess relating river aggradation and glacial activity in South 
Island and tephric loess in North Island (Eden & Hammond, 2003). Tephric loess was first recognized as 
aeolian deposits widespread on the Mamaku Plateau, North Island, New Zealand by Vucetich & Pullar (1969). 
The tephric loess layers, dominantly yellowish brown (10YR 5/4-5/6), loamy and massive, are different from 
the interbedded tephras because they have finer textures (silt/clay to very fine sand), and no pumice lapilli by 
visual observation (Kennedy, 1994). They are composed mainly of subangular volcanic glass but also include 
charcoal and freshwater diatoms (Lowe, 1994). Thus, it is obvious that they dominantly consist of aeolian re-
worked tephric and volcanic materials (Benny et al., 1988). They also include crypto tephras in some cases. 
The recent study shows that the sources for the tephric loess in the central North Island are mostly volcanic 
products within the Taupo Volcanic Zone and Taranaki area and the reworking of tephras (Lowe et al., 2008). 
The World Reference Base for Soil Resources (WRB; Food and Agriculture organization of the united nations 
(FAO), 2014) mentioned the description and diagnostic criteria of tephric loess as follows; tephric materials 
consist of either tephra or tephric deposits, i.e. tephra that has been reworked and mixed with material from 
other sources, including tephric loess, tephric blown sand and volcanogenic alluvium. Japan has many 
volcanoes, thus the circumstances about loess are assumed to be similar to New Zealand. 
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1.2 Previous studies of aeolian deposits in Japan 
 
1.2.1 Introduction 
Japan is mostly covered with dense vegetation, so the efficient activities of winds require some conditions. 
However, at the point of the particle supply, Japan has a variety of origins such as beach and river sands, 
products of volcanic eruption, aeolian dusts from Asian Continent as well as products derived from aeolian 
erosion and weathered bedrock. Thus, aeolian deposits in Japan are regarded as the mixtures of particles from 
complex origins more or less. It is natural that the most studies have been done about coastal dunes because 
the areas where they are distributed account for 7% of all coasts in Japan, and they are representative for aeolian 
deposits from one dominated origin characterized by a uni-modal particle constitution. On the other hand, there 
are types of poly-modal deposits, where particles were supplied from several coexisting origins. The 
component proportion ratio of particles depends on the forming chronology of the aeolian deposits, the 
surrounding geographical and geological features, vegetation, climatic environments, and so on. We refer to 
coastal dunes in the former part of this section, and aeolian deposits mixed with grains from multiple origins, 
mainly aeolian dust from continental loess or volcanic deposits, in the latter. Previous studies on aeolian 
deposits called “loam” in Japan are also referred in this section.  
 
 
 
 
 
 
 
 
 
 
 
31 
 
1.2.2 Coastal dunes  
Coastal dunes in Japan are formed along the shoreline at a total distance of 1,900 km (Fig.1.11). Many 
transverse dunes are observed on the beach ridges, and some parabolic dunes, longitudinal dunes and Barchans 
as well. The parallel type and the accumulation type are the main two types for coastal dune development. In 
the earlier stage of regression following transgression, sandy beaches were extended toward the seas and dunes 
were formed on the beach ridges. The sequence of events encourages the former type to develop on expanded 
coastal plains and the latter type on smaller coastal plains (Naruse, 1989). Endo (1986, 2015) greatly 
contributed to the chronological studies of coastal dunes in Japan (Fig.1.12). 
Holocene dunes are divided into the Older Dunes (Do: weathered and brownish sand dune around 7500-
3000 yrsBP) and the Younger Dunes (Dy: less weathered and fresh grayish sand dune around 2100 yrsBP-
present) by the presence of the key bed so called Black Sands (the Older Humic soil). Furthermore the Older 
Dunes are divided into DoⅠ (7500-5000 yrsBP; small scale dunes developed upon the Pleistocene terraces 
along the coast during the Jomon (Holocene) Transgression or accumulated on the sand bars after the 
maximum stage of the Jomon Transgression), DoⅡ (5000-3500 yrsBP; large scale dunes accumulated on the 
extensive alluvial plains with active fluvial processes and increasing sand supply during the regression after 
the Jomon Transgression), DoⅢ dunes (3500-3000 yrsBP; small scale dunes intercalating thin layers of humic 
soils during the latest stage of forming the Older Dunes). Also, the Younger Dunes are subdivided into DyⅠ 
(2100-1700 to 1300 yrsBP), DyⅡ (1300 to 900 yrsBP), DyⅢ (900 to 400 yrsBP), DyⅣ (400 yrsBP to the 
present) by the presences of Black Sands (the Younger Humic soil). The above mentioned chronology of the 
sand dunes by Endo (1986) is represented in Fig.1.12. 
Black sands are sandy humic soils intercalated in dunes, which are formed with the vegetation as well as 
some blown sands during the periods of dune stability. Endo (1986, 2015) identified two groups of Black 
sands; the Older Humic soil (Ho) and the Younger Humic soil (Hy). The thickness of Ho layers is 20 - 40 cm 
in general that shows the periods of dune stability continued over 1000 years. Ho is likely to show increase of 
humus content and thickness in the transitional period from dune sands to humic soils on the earlier stage. Ho 
includes many relics and pottery fragments of the middle to late Jomon and the Yayoi Periods, and their 
radiocarbon ages showed around 3000-2000 yrsBP. Because Ho changed into peat layers in some areas along 
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Sea of Japan and the peat layers are also observed at 0 - 2 meters below the present sea level, which suggested 
the coastline transgression had caused the end of Do formation (Endo, 1986). 
The Old dunes (Do) have a brownish feature by the weathering, while the features of the Young dunes (Dy) 
are greyish in color, loose, and intercalate some thin brownish humic soils (Hy) that assign the occurrence of 
several periods of dune stability in a short duration. Hy was formed from 1500 to 800 yrsBP in western Japan 
and from 1300 to 500 yrsBP in eastern Japan, but there are regional differences. A small transgression with 
activated fluvial processes during the Kofun and the Heian Periods seems to have encouraged the formation 
of Dy. In addition, the climate change into less cool and less humid condition and human activities contributed 
to enlarge Dy compared to Do dunes. Dunes activities restarted 400-500 years ago, but they have been 
stabilized by the artificial plantation since the 17th century (Endo, 1986). 
Besides Holocene dunes, the dunes formed during the late Pleistocene period in Japan are called paleo-
dunes. Naruse (1989) reported that most of the paleo dunes were distributed along Sea of Japan and East China 
Sea, and four major formation periods; 18000, 30000, 50000, and 70000 yrsBP. The dunes extensively 
developed on the early stage of regression during the last glacial age, around 50000 and 70000 yrsBP. In 
contrast, the dunes formed during the Last Glacial maximum around 18000 and 30000 yrsBP distribute in 
regions. Such difference was caused by shoreline retreat and sand supply. Also, Naruse (1989) referred to paleo 
sols intercalated in paleo dunes. 
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Fig.1.11 Main coastal dunes in Japan (compiled from Endo, 1986: Naruse, 1989) 
1 Shari  2 Tokoro (Saroma)  3 Hamatonbetsu  4 Rebun  5 Sarobetsu  6 Ishikari  7 Setana  8 Yufutsu  
 9 Mutsuyokohama  10 Kamikita  11 Byobuyama  12 Noshiro  13 Akita  14 Honjo  15 Shonai   16 Niigata 
  17 Sendai  18 Kashima 19 Kujukuri  20 Shonan  21 Hamaoka  22 Enshunada  23 Wakayama  24 Uchinada 
  25 Tottori  26 Yumigahama  27 Izumo  28 Genkai  29 Miyazaki  30 Shibushi  31 Fukiagehama 
  32 Tanegashima  33 Kikaijima    
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Fig.1.12 Chronology of the coastal sand dunes in Japan (From Endo, 1986) 
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Fig.1.13 Main paleo dunes along Sea of Japan 
 (Modified Niigata Ancient Dune Research Group, 1967) 
1 Genkai  2 Yasuoka  3 Sashiumi  4 Hojo  5 Tottori  6 Tango  7 Matsunami  8 Uchinada   
9 Katamachi  10 Arahama  11 Niigata  12 Yunohama  13 Sarukawa  14 Ajigasawa   
15 Jusanko (Fukazawa) 
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1.2.3 Aeolian deposits mixed with grains from multiple origins 
1) Aeolian dust from continental loess as composite material of dunes  
Among the studies of aeolian deposits derived from multiple origins, the representative one is on dunes 
composed of sand mixed with aeolian dust from continental loess, which have poly-modal grain distributions. 
Shinbori et al. (1964) introduced “loessial or loess-like sands” in Genkai paleo dunes, North Kyushu, and 
Niigata Ancient Dune Research Group (1967) showed that paleo-dunes along the Sea of Japan, composed of 
“loessy sand”, are distributed westward from Yasuoka, Yamaguchi Prefecture, and the brown weathered clay 
or loam can be found as counterparts eastward from Izumo, Shimane Prefecture. Kurahayashi (1972) studied 
the clay mineralogical properties of the Sashiumi paleo dunes in Tottori Prefecture, Yasuoka paleo dunes, and 
Genkai paleo dunes by means of the X-ray diffraction analysis, and elucidated the contamination of a small 
amount of aeolian dust originated from continental loess. Naruse & Inoue (1982, 1983) studied paleosols and 
paleo dunes distributed westward along the Sea of Japan from Hokuriku to North Kyushu and Yonagunijima 
Island in East China Sea. They pointed out the co-existence of more than two aeolian materials in the dunes by 
the fact of their bi-modal or tri-modal grain size distributions. The clay and silt fractions, particularly 
characterized by a high SiO2/Al2O3 molar ratio and predominance of illite (14Å minerals), and kaolinite (7Å 
minerals) and quartz, were inferred as the aeolian dust particles from Asian Continental loess transported under 
a cold climate during the Last Glacial period. Furthermore, Toyoda & Naruse (2002) and Naruse (2006) 
provided supportive data for the inference by analyses with the Electron Spin Resonance (ESR) method and 
oxygen isotope ratios of quartz. 
 
2) Volcanic ash deposits as composite material of dunes  
Another representative aeolian deposits derived from combined origins is dunes composed of sands mixed 
with tephric materials. Kimura et al. (1972) showed that paleo dunes in the Tokachi Plain, eastern Hokkaido, 
were developed by reworked pyroclastic fall materials. Ota& Seto (1968) reported that some of Shonan dunes 
comprised the pumice fragments erupted from Mt. Hoei, a parasitic volcano of Mt.Fuji, in A.D.1707. Takebe 
& Naruse (1998) explained the formation of the coastal dunes in Shibushi and Fukiagehama, Kagoshima 
prefecture was relating with the large amounts of deposits of Shirasu ignimbrite sand. The volcanic glass and 
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pumice supplies from the Shirasu plateau resulted from human-induced soil erosions since the plateau had been 
developed for agriculture from the late Edo period. Tanino et al. (2003, 2013, 2016) reported that there were 
dunes which were mixtures composed of sand and silt-clay, derived from sand layers in local marine terraces 
and “Japanese loam” respectively. 
Loam is an international texture term, however, it has been used in a peculiar way in Japan (Hayakawa, 
1995). It is used for aeolian deposits widespread all over Japan, which have massive, reddish or yellowish 
brown colored and loamy nature, and has been consented to be a complex sediment of crypto tephras, reworked 
tephras, river sediments, aeolian dusts from Asian Continental loess and so on, accompanied with upbuilding 
pedogenesis process with vegetation-cover at a low speed (Kato, 1962；Kurahayashi, 1972；Inoue, 1981；
Ganzawa et al., 1994；Zhang et al., 1994；Yoshinaga, 1995；Suzuki, 1995；Hayakawa, 1995；Miura et al., 
2009；Hosono, 2016 ). This complex sediment, recognized as ‘akatsuchi (red soil in Japanese)’, was renamed 
as ‘Kanto Loam’ or ‘Loam’ in short by following D. Brauns’ 1881 publication on the geological beds of the 
Musashino upland. D. Brauns was invited to Tokyo University as a geology professor from Germany during 
the Meiji period. He studied geological formations of Musashino upland in Kanto Plain and called reddish 
brown colored soils on the top of the terrace “Kanto Loam” because they were loamy. Since then, this term has 
been applied to the same kind of soils around Japan with the region's names such as Shinshu Loam or Aomori 
Loam (Hosono, 2016). But Hayakawa (1995) considered that we did not have to hesitate to call ‘loess’ in place 
of ‘loam’ because it was formed in the same process as the deposits called “loess” in other countries. 
Furthermore Hosono (2016, pers.comm. in 2002), who studied volcanic ash soils in both Japan and New 
Zealand (Hosono et al., 1991; Sase & Hosono, 1996), suggested that Japanese loam could be applied as tephric 
loess (see 1.1.3.4) because it met the WRB criteria for an Andic horizon, indicating the admixture of tephric 
materials (FAO, 2014). Tanino et al. (2016) identified Japanese loam in Esashi, Hokkaido, in Shiriyazaki, 
Aomori prefecture, in Kashima and Isozaki-Ajigaura, Ibaraki prefecture as tephric loess by the comparison 
with the WRB criteria, and thus, they called the dunes with intermixed Japanese loam “tephric-loess dunes”.  
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1.3 Significance and objective of this study 
Wind erosion studies have been majored in arid and semi-arid zones or coastal dune fields, where studies 
are relatively easy to carry out. Also, the effect of moisture on threshold friction speed (Fig.1.2) has been 
examined in wind tunnels or on sand beaches. For example, the experiments by Belly (1964) and Svasek & 
Terwindt (1974) show us that the threshold speed of sands with 0.6% moisture contents is more than twice 
larger in wind tunnel and nearly three times larger on natural sand beach in comparison with the speed in a dry 
state (Table 1.1). In Japan, Hotta et al. (1985) contributed to studies of sand control in coastal engineering (Fig. 
1.14). Recently Cornelis et al. (2004) and Ravi et al. (2006) conducted the experiments for sandy loam and 
clay loam soils besides sands in wind tunnel with the intent of collecting data on deflation for agricultural soils. 
However, there has been little report on wind erosion features developing with vegetation-cover under a 
temperate humid climate. As described in 1.1.2, some of large wind erosion landforms in arid and semi-arid 
zones were originated from fluvial processes under a past humid climate. Thus, it is expected to provide some 
clues with studies for the earliest developing stage of such landforms in terms of targeting studies in humid 
climate zones. Moreover, the limited conditions for wind erosion due to mild and humid climate zones often 
lead our attention to the areas eroded on a large scale with unique characteristics of natural environments and 
to collecting information on histories of climate change. 
The objective of this study is to elucidate the geomorphological features and forming processes of wind 
erosion ‘blowouts’ in a mild and humid climate zone and the genesis and physicochemical properties of 
reworked deposits ‘dunes’ as well. For this purpose, we involve discussing geomorphological features of 
blowouts and dunes on coastal cliffs in Chapter 2 and physicochemical properties of the deposits in aeolian 
landforms in Chapter 3. Furthermore, we discuss on the forming process and environment of the blowouts and 
dunes in Chapter 4. As mentioned in 1.2.3, all over Japan are covered the aeolian deposits “Japanese loam”, 
complex of aeolian dust from continental loess and tephra deposits and so on. The formation processes of the 
landforms in coastal area in Japan need careful studies on their morphology and material. 
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Table 1.1 Effect of moisture on threshold friction speed 
 
u＊ｔ : surface friction speed at threshold of motion*   Dp : particle diameter 
                                    (from Greeley & Iversen, 1985) 
 
*Also it is known that shear velocity takes smaller value than the wind velocity we generally feel above the 
ground surface. Shear velocity 20cm/s, 40cm/s, and 60cm/s are equivalent to natural wind velocity 4m/s, 6m/s, 
and 8m/s, respectively (Endo, 2015). 
 
 
 
 
Fig.1.14 Variation of the threshold friction velocity of wet, sand (u＊ｔw) with moisture 
content (w) for 0.2mm diameter sand, as determined by Belly(1964) and Hotta et al.(1985) 
   (from Pye & Tsoar, 2009)  
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Chapter 2 Geomorphological features of blowouts and dunes on coastal cliffs  
 
2.1 Introduction 
Basic conditions of performing aeolian erosion should be taken into consideration for setting study fields. 
The features of aeolian erosion are noticeable in arid and semi-arid zones, mainly because of the easiness to 
satisfy the basic conditions as mentioned in Chapter 1; the size of particles most easily moved by the wind is 
about 100 μm and smaller particles are more difficult to move because of cohesion and various aerodynamic 
effects, which means saltation is the most important mode of transport and can be used as tools for abrasion. 
Also the moisture strengthens cohesion and multiplies threshold friction speed. From the above, the suitable 
places for the basic conditions of developing features of aeolian erosion are the areas apt to dry, having plenty 
of sands and exposed to strong winds over the threshold friction speed blow. Such places are applicable in 
Japan as well. 
Ogasawara (1951) researched this theme in Japan for the first time. He pointed out that there were two 
distinct landforms of aeolian erosion in Japan; one is “wind abrasion forms at the head of the coastal cliff” 
(Ogasawara, 1948), and another is “the wind-dissected dune” study by Tada (1948). Tada (1948) explained that 
coastal dunes in Kashima stopped development and were eroded by winds then after. This interpretation is 
rather considered to be one stage of developing coastal dunes than forming features of aeolian erosion. On the 
contrary, studies of Ogasawara were unique and there has been yet little study about aeolian erosion in Japan. 
Ogasawara described common conditions in forming features of aeolian erosion at head of cliffs in Japan 
as follow: On the passage of low pressures from spring to autumn or winter monsoon, sea or lake cliffs more 
than 8-10 m in relative height which are composed of loam or sand-gravels after Neogene lie at an angle of 60-
120 degrees for the prevail winds. In comparison with basic conditions of performing aeolian erosion, they 
coincide with some respects; Beds of marine sands and gravels provide a lot of sands, and the heads of cliffs 
are easier to dry after rainfall and face to strong winds. 
It is significant to discuss whether these conditions are applicable to Japan universally or not. For this 
objective, landforms of aeolian erosion were studied in four areas in northern and eastern Japan, and their 
characters of natural environments and features were described in detail in this chapter by map interpretation, 
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stereoscopic vision of aerial photos, outcrop observation, and sample collection. Strong wind appearance 
frequency was also examined.  
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2.2 Material and methods  
 
2.2.1 Field setting 
Four areas; Esashi (Area 1), Shiriyazaki (Area 2), Isozaki-Ajigaura (Area 3) and Kashima Takamagahara 
(Area 4), were set for field surveys in this study as showed in Fig.2.1. In advance of field surveys, distribution 
maps of aeolian landforms were provided by topographic maps and aerial photos. As it was difficult to 
recognize the original form and distribution of the dunes in the Esashi (Area 1), where parts of the dunes had 
already been destroyed by sand-digging, the landform was interpreted based on topographic maps and aerial 
photos which had been provided before disturbed by construction.  
 
 
 
Fig.2.1 Location of study area (Revised from Tanino et al., 2016) 
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2.2.2 Map and aerial photo interpretation 
Old topographic maps surveyed in Meiji and Taisho eras and aerial photos in early half of the Showa were 
often used in this study because they were prepared before man-made changing topography and are helpful to 
recognize natural relief features than the currently issued topographic maps. Table.2.1 shows the maps and 
aerial photos used for reading and stereoscopic vision in this study. Stereoscopic vision was performed with a 
device SOKKIA MS16 (TOPCON CORPORATION).  
The procedure of interpretation is as follow. Hereon, the Kashima area (Area 4) is illustrated in Fig.2.2 as 
an example. (1) Understanding of major landforms by topographic maps: the narrow coastal lowland and the 
30m high terrace extending along the Pacific Ocean are recognizable. The differences caused by man-made 
changing between 1967 and 2002 can be compared. (2) Recognition of aeolian landforms by topographic maps 
(Fig.2.2 lower map): 30m, 25m, 20m contour lines of coastal cliff are recognized to be dented southwestward 
(red lines) and feature hollow , which is assumed to be about 800m long and 250 m wide by the scale. Two 
closed contour lines or hills along the southeastern side of the hollow (brown colored) are recognizable. The 
larger one has a hairpin form and about 10 meters high because a triangulation point at the top of hill shows 
40.8 m. (3) Confirmation of aeolian landforms and surroundings by stereoscopic vision of aerial photos 
(Fig.2.3): A small stream in the hollow, its small alluvial fan where the stream runs as underflow, and a relief 
feature like the residual hill are observed, besides aeolian landforms. There are a few other hollows at the 
coastal cliff in the right bottom of the photo, but coastal dunes run on them from the beach. (4) Making of the 
original distribution map of aeolian landforms: the distribution map was corrected and completed with the 
information of the field studies (Fig.2.17). 
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Fig.2.2 Takamagahara map (1/25000) in Kashima area 
(upper: in 2002, lower: in 1967 by Geospatial Information Authority of Japan) 
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Fig.2.3 Aerial photo interpretation 
Aerial photo: MKT622-C14B-19 from GSI Maps 
(http://mapps.gsi.go.jp/maplibSearch.do?specificationId=436488) 
cf. Fig.2.2 for the scale 
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2.2.3 Outcrop observation and sample collection  
Aeolian landforms are distributed respectively over the area of 0.25km2 in Esashi, 6 km2 in Shiriyazaki, 12 
km2 in Isozaki-Ajigaura, and 3 km2 in Kashima Takamagahara. The landform in Area 1 (Esashi), confined 
within narrow limits, was observed as the straight profile of 30 m height (Fig.2.4, 2.5, 2.9). Thickness of each 
stratum was measured with a scale, and its field texture and color were examined. 44 samples were collected 
from the studied profile by single unit layers in 1-10 cm thickness. In Area 2 (Shiriyazaki) aeolian landforms 
were widely distributed and mostly covered with the vegetation such as creeping pines, where we could observe 
a straight profile of 10 m height (Fig.2.6, 2.11). The field study and sampling were performed in the same way 
as that in Esashi mentioned above and 34 samples were collected from the profile. In Area 3 (Isozaki-Ajigaura) 
we could not find the consecutive profile from the base to the upper dune. Instead we examined the stratigraphy 
using two natural outcrops (A-1, I-1 in Fig.2.14, Fig.2.7a,d) and preparing three pits of 1-2 meter depths at the 
foot of dunes (A-2,3,4 in Fig.2.14, Fig.2.7e,f). The method of field study and sampling were generally 
performed similar to that in Esashi and 45 samples were collected from the profiles. A boring stick (DIK 1640, 
Daiki Rika Kyogo Co. Ltd., Saitama) was used for the deepest parts of pits (Fig.2.7c). In Area 4 (Kashima 
Takamagahara) we could not find the consecutive profile and moreover the circumstances were complicated 
because of coastal dunes blowing up on the terrace. We examined one site at the top of the hill close to the 
triangulation point (K-2 in Fig.2.17, Fig.2.8b,d) by drilling a bore hole from surface and five natural outcrops 
(K-1,3,4,5.6 in Fig 2.17, Fig.2.8a,c,e). The field study and sampling were performed in the same way as that 
in Esashi and 39 samples were collected. In K-2 at the top of the hill, the sand deposits were collected by 
removing the surface soil by 10cm. 
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Fig.2.4 Area 1 outcrop (E-1)  (Location E-1 is shown in Fig. 2.9) 
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 (a) 
 (b) 
 (c) 
Fig.2.5 Area 1 field study photographs (Location E-1 is shown in Fig. 2.9)  (a) Esashi outcrop (E-1)  
(b) A white layer is B-Tm tephra lying between layers E-BS2 and E-BS3 (c) Coastal cliff  
50 
 
 (a) 
  
(b)                                         (c) 
 
 Fig.2.6 Area 2 field study photographs (Location S-1 is shown in Fig.2.11) (a) Shiriyazaki outcrop 
(S-1)  (b) A white layer is B-Tm tephra, black layers are Black sands. (c) Northwestern coast. The 
lighthouse is in the right upper part of photograph. 
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 (a) 
 (b) 
 (c) 
Fig.2.7 Area 3 field study photographs (1)  (Location I-1, A-1,2,4 are shown in Fig.2.14)  
(a) Isozaki outcrop (I-1)  (b) Ajigaura outcrop (A-2)  (c) The boring stick 
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 (d) 
  
(e)                                      (f) 
 
Fig.2.7 Area 3 field study photographs (2)  (d) Ajigaura outcrop (A-1)  (e) A pit is at the foot of 
A-2  (f) A pit of Ajigaura outcrop (A-4) 
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(a) Kashima outcrop (K-1)                 (b) A stone triangulation marker (K-2) 
   
 (c) Kashima outcrop (K-3) 
 (d) Water tower on the top of the dune by K-2  
Fig.2.8 Area 4 field study photographs (1)  (Locations K-1,2,3,6 are shown in Fig.2.17) 
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 (e) Kashima outcrop (K-6) 
 (f) 
 (g) 
Fig.2.8 Area 4 field study photographs (2)  (f) The dingle of a little stream ‘Suenashi Creek’. 
It runs underground on the way.  (g) The view of ‘Onizuka’ like the residual hill from K-1. 
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2.2.4 Radio carbon dating 
The samples for determine of radiocarbon (14C) ages were collected in less than 1 cm thickness with 
stainless-steel tools and wrapped in aluminum foil to avoid contamination with current organic matter. All 
samples were collected as bulk materials from BBS and Black Sand in Esashi, Shiriyazaki, Isozaki-Ajigaura, 
and dark brown loam in Kashima. The samples from Esashi area were applied for accelerator mass 
spectrometry measurement at Paleo Laboratory Co., Ltd. (Code number: PLD), and those from Shiriyazaki 
area were applied for the β counting method at Nihon University laboratory (Code number: NU). For the 
samples from Isozaki-Ajigaura area, 14C age measurement was applied at Institute of Accelerator Analysis Ltd. 
(Code number: IAAA) and PLD, and the one from Kashima area was applied for accelerator mass spectrometry 
measurement at PLD. The calculation of 14C age used Libby's half-life of 5,568 years with BP referring to the 
year 1950 as the zero date. All 14C dating data including CRA (Conventional Radiocarbon Age) and Calendar 
Age in four areas were shown in Table 2.2. In addition to our data, Shiriyazaki data in Okamoto et al. (2000) 
were referred to. 14C ages of Shiriyazaki samples by NU were CRA only, so the data in Okamoto et al. (2000) 
and 14C ages of Esashi samples in this paper were represented by CRA to compare with those of Shiriyazaki 
by NU. 14C ages of Isozaki-Ajigaura and Kashima in this paper were represented by ages corrected by δ13C 
(yrsBP).  
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2.2.5 Wind appearance frequency and wind rose of strong wind  
The current data of wind appearance frequency in Areas 1-4 are shown as reference (Fig. 2.10, 2.12, 2.15, 
2.18). Japan Oceanographic Data Center (JODC, 2017) provides a 10 minute mean observation data of wind 
direction and velocity at Isozaki lighthouse (Apr.2000-Mar.2014) and Kashima (Apr.2008-Mar.2014) at 25 and 
55 minutes past every hour. Although the period of data collection in Kashima is shorter than Isozaki, both 
data showed similarity probably due to the neighboring distance. As the location of the weather station of Japan 
Meteorological Agency (JMA) in Kashima is not at the Pacific coast, the JODC data was used in this study. 
The JODC statistical data of winds at Shiriyazaki lighthouse from 1978 to 1997 (JODC, 2017) were available. 
As for Esashi, the JMA wind data of every ten minutes (the average measurement value in 10 minutes) from 
Mar.2009 to Feb.2017 were available (JMA, 2017). The values at 20 and 50 minutes past every hour were used 
in this study to compare with the data of JODC in other areas. Although the period of this data at Esashi is also 
relatively shorter, it is reliable because of the similarity with the JMA data of the daily maximum wind direction 
and velocity in Esashi from Mar.1981 to Feb.2011 (JMA, 2017).  
In consideration with the strong wind responsible to form the aeolian landforms in the study areas, a wind rose 
was also obtained using the mean velocity of the prevailing winds and the frequency of wind direction with 
wind velocity more than 10 m/s in each season. Here, the standard value of wind velocity was adopted as 10 
m/s based on Hotta et al. (1985) in Fig.1.14 that represents the relation of shear velocity and water content of 
sandy soils in natural environment. 
The climatic data such as temperature, rainfall and relative humidity average were referred, too. The 
average monthly data in Esashi from Mar.1981 to Feb.2011 were used in this study (JMA, 2017). The data in 
Kashima from 1981 to 2010 (JMA, 2017) and Hitachinaka city, which comprises Isozaki and Ajigaura, from 
1982 to 2012 (Climate-data.org, 2017) were cited. As there was no available data for Shiriyazaki, the climatic 
condition of Shiriyazaki was remained as unknown in this study.  
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2.3 Results and Discussions 
 
2.3.1 Esashi (Tazawa) area 
The Esashi dunes were distributed on top of the Ohma marine terrace (marine isotope stage [MIS] 7, 40-
75m a.s.l; Ohmori, 1975; Koike & Machida, 2001), north of Esashi, Oshima Peninsula, Hokkaido (Fig.2.1, 
2.9). The dunes were found north of the Tazawa River valley at the top of a coastal cliff facing the Sea of Japan 
(Fig.2.9 a, b). The Ohma marine terrace deposits consisted of marine sands and gravels, which overlay the 
rhyolite and dacite basement (Miocene) and were covered by the Jinya loam (Sumi et al., 1970; Ohmori, 1975). 
The Esashi dunes extended along the edge of the coastal cliff like transverse dunes with a NW–SE orientation, 
and some parts of them slightly changed into U-shaped. The present prevailing winds tended to be westerly 
year-round (Table 2.3, Fig.2.10). Especially, WNW-NW winds in winter season (Dec. to Feb.), which are called 
Tabakaze, indicated the strong wind velocity and the highest frequency. The ratio of the days in winter when 
maximum wind velocity was more than 10m/s from 1981 to 2011 accounted for 71.1%. The SSW-WSW winds 
with low atmospheric pressures passing in spring (Fujii, 1992) were likely to blow frequently, but not stronger 
than WNW-NW winds. The other climatic conditions in Esashi are shown in Table 2.4. 
We examined the Esashi dunes at outcrop E-1, where they overlay a 30-cm-thick buried black soil (E-BBS; 
Buried Black Soil is abbreviated to “BBS” hereafter) at the top of the Jinya loam (Fig.2.9 c, Fig.2.5; Tanino 
et al., 2003). In this 25-m-high profile, the dunes were composed of four sand layers (E-DS1–4; Dune Sand is 
abbreviated to “DS” hereafter) that were separated by buried humic sands (i.e., black sands E-BS1–4; Black 
Sand is abbreviated to “BS” hereafter). The bulk samples for 14 C dating were obtained from the layers of E-
BBS layer and the black sands. In addition, the sequence comprised two named and dated tephras. On the other 
hand, the upper part of the Jinya loam at outcrop E-1’, which was next to E-1, had a texture of compact silty 
loam with cracks, and the lower part was an alternation of coarse sand layers (comprising old dunes) and sandy-
loam layers.  
Radiocarbon (14C) ages were 8585 ± 40 yrsBP (No. PLD-1614) and 5075 ± 30 yrsBP (No. PLD-1068) in 
the lower part and the upper part, respectively, which were obtained from the 30 cm-thickness layer of E-BBS. 
E-BS1 layer was 40 cm thick, and its 14C age was 2295 ± 25yrs BP (No. PLD-1069). E-BS2 layer was 40 cm 
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thick, and its 14C age was 1895 ± 25 yrsBP (No. PLD-1070). The Baitoushan-Tomakomai tephra (B-Tm, ca. 
1 ka; Machida et al., 1990; Hayakawa & Koyama, 1998; Machida & Arai, 2003) lay between layers E-BS2 
and E-BS3 (Suzuki, 1992). E- BS3 layer was 25 cm thick, and its 14C age was 1055 ± 25 yrsBP (No. PLD-
1071). E-BS4 layer was 15 cm thick, and its 14C age was 375 ± 25 yrsBP (No. PLD-1080). The Komagadake-
d tephra (Ko-d, AD 1640; Arai et al., 1986; Machida & Arai, 2003) overlay E-BS4. 
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Fig.2.9 Esashi (Tazawa) Area  (a) Distribution of dunes. (from Tanino et al., 2016)  (b) Air photograph 
in 1944 (912Y71 C1-9) from GSI Maps: http://mapps.gsi.go.jp/maplibSearch.do?specificationId=746769   
(c) Columnar section. (from Tanino et al., 2016). The location is shown in Fig.2.9a. The details of 14C ages are 
shown in Table 2.2. 
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Table 2.3 Wind (the velocity ≥ 10 m/s) appearance frequency (%) in Esashi 
  
From 2009.3 to 2017.2 (Based on data from JMA, 2017), measurement times: 140256 (=100%). 
 
 
 
Fig.2.10 Frequency of wind direction in Esashi  Based on data of 19679 (=100%) when wind 
velocity was more than 10 m/s in 140256 times. The values represent the mean velocity in m/s (> 0 m/s) of the 
prevailing winds.  
 
 
% N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW total
10-15m/s 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.1 1.5 1.0 4.4 3.5 0.8 12.7
15-20m/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.0 0.6 0.4 0.0 1.3
20m/s- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table 2.4 Climatic condition in Esashi 
         
                                             From 1981.3 to 2011.2 (from JMA, 2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
 temperature ave.(℃) -0.8 -0.4 2.5 7.5 11.8 16.1 20.1 22.6 19.1 13.4 7.2 1.7 10.1
 relative humidity ave.(%) 68.2 67.0 65.9 70.3 76.4 79.6 81.7 79.8 73.8 68.3 66.3 67.6 72.1
 rainfall ave. (mm) 81.5 59.8 61.9 75.9 97.6 68.1 130.5 162.7 133.2 109.3 115.3 98.5 1194.3
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2.3.2 Shiriyazaki area 
Shiriyazaki is at the northeast end of the Shimokita Peninsula, northern Honshu (Fig.2.1, 2.11). The cape 
juts out into the Tsugaru Strait, and its basement is composed primarily of rigid Shiriya Group (Mesozoic) 
rocks, which resist wave erosion. The Pleistocene Tanabu Formation (sand and silt) overlies the Shiriya Group 
and is overlain in turn by the Tanabu Marine Terrace deposits (MIS5e; Koike & Machida, 2001), which consist 
of sands and gravels and are covered by Shiriyazaki loam layers (Tsushima & Takizawa, 1977). 
In this area, the coastal cliff (15-20 m high) was formed along the shoreline. Many depressions called 
blowouts have developed at the top of the coastal cliff along the western coast, and Shiriyazaki dunes were 
distributed behind these blowouts on the terrace (Fig.2.11; Tanino et al., 2013; Ogasawara, 1951). Dune 
morphologies included parabolic dunes facing W-NW, seif dunes extending from W-NW to E-SE, and their 
transformations. The dunes were thus oriented parallel to the prevailing W-NW winds in this area (Table 2.5, 
Fig.2.12). Such winds are the typical strong winter monsoon in this area and blow the most frequently. 
According to the data at Shiriyazaki lighthouse (JODC, 2017), the mean velocity of WNW winds in winter 
(Dec.-Feb.) was 14.3 m/s. And the report of wind observation by Sawa & Arakawa (1958) showed that total 
hours when the wind of more than 10 m/s velocity blew was 4856 h in comparison with 13040 h, total hours 
of five winter periods (Nov.-Feb.in 1952-53, 1953-54, 1954-55, 1955-56, 1956-57), and those of more than 15 
m/s velocity was 2326 h. As there is no weather station of JMA at Shiriyazaki, the climatic condition was 
unknown. The annual rainfall and average annual temperature in Higashidoori village, whose office is situated 
at a distance from Shiriyazaki, was 1337.2 mm (2003-2016 ave.) and 9.5℃ (1993-2016 ave.) as a reference 
(Higashidoori village, 2017). 
We examined the Shiriyazaki dunes at outcrop S-1 (10 to 15 m high) (Fig. 2.13, 2.6). In this section, the 
Shiriyazaki dunes consisted of five sand layers (S-DS1–5) separated by buried humic sands (black sands S-
BS1–4). These deposits overlay a buried black soil (S-BBS) developed at the top of Shiriyazaki loam. The S-
BBS layer was 25 cm thick, and the 14C date was obtained as 8350 ± 165yrs BP (No. NU-966; Tanino, 2000). 
The S-BS1 layer with a thickness of 60 cm was considered as an alternation of thin sand layers and humus 
layers. The 14C ages in the lower part of S-BS1 was 6690 ± 100 yrsBP (No. NU-1204), and in the middle part 
was 6075 ± 95 yrsBP (No. NU-1205). Furthermore Okamoto et al. (2000) obtained younger age 5240 ± 80 
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yrsBP (Beta-88190) in the same layer as S-BS1. The S-BS2 layer was 20 cm thick having a 14C age of 2380 ± 
750 yrsBP (No. NU-1206), in which also contained Sunazawa type pottery of the Middle of Early Yayoi period 
(300–200 BC) (Aomori Higashidoori Village Board of Education, 1995). A 10-cm-thick tephra layer 
intercalated within the S-DS3 layer was tentatively identified as B-Tm tephra (ca. 1 ka) based on its whitish 
color and stratigraphic position. The S-BS3 layer, which was 20 cm thick, existed 15 cm above the B-Tm 
tephra. It contained Haji ware and Satsumon ware (about 800–1100AD) (Aomori Higashidoori Village Board 
of Education, 1995). The S-BS4 layer was 10 cm thick, and the 14C age of 220 ± 60 yrsBP (No. Beta-88187) 
was gained by Okamoto et al. (2000) in the same layer as S-BS4. Charcoal was observed in the S-DS5 layer. 
The S-DS1 layer had a thickness of 120 cm. It overlay the S-BBS layer with a distinct boundary and 
consisted of sorted coarse gray sand. The layers S-DS2–5 were characteristically grayish or dark brown and 
had sandy loam texture.  
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Fig.2.11 Shiriyazaki Area (a) Distribution of dunes. (from Tanino et al., 2016)  (b) Air photograph in 
1948 (USA M1010-7) from GSI Maps: http://mapps.gsi.go.jp/maplibSearch.do?specificationId=146874 
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Table 2.5 Wind (the velocity ≥ 10 m/s) appearance frequency (%) in Shiriyazaki 
 
From 1978 to 1997 (revised from JODC, 2017), measurement times: 166328 (=100%). 
 
 
 
 
Fig.2.12 Frequency of wind direction in Shiriyazaki  Based on the data of around 45187 (=100%) 
when wind velocity was more than 10 m/s in 166328 times. The values represent the mean velocity in m/s (> 
0 m/s) of the prevailing winds. 
% N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW total
10-15m/s 0.2 0.1 0.0 0.0 0.8 1.9 1.3 0.6 0.1 0.0 0.1 0.6 2.8 4.9 4.8 1.2 20.2
15-20m/s 0.0 0.0 0.0 0.0 0.3 0.4 0.2 0.0 0.0 0.0 0.0 0.1 1.1 2.9 1.8 0.1 7.4
20m/s- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.4 0.1 0.0 0.8
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Fig.2.13 Columnar section in Shiriyazaki (from Tanino et al., 2016)  
The location is shown in Fig.2.11a. The details of 14C ages are shown in Table 2.2.  
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2.3.3 Isozaki-Ajigaura area 
Isozaki and Ajigaura are adjacent sites on the Pacific coast of Ibaraki Prefecture, northeastern Kanto Plain, 
Japan (Fig.2.1, 2.14). The basement in this area is composed of rigid Nakaminato Group (Upper Cretaceous) 
rocks (Sakamoto et al., 1972). The Neogene Taga (siltstone and sandstone) and Hanareyama (pumiceous tuff) 
formations overlie the Nakaminato Group rocks and are overlain in turn by sands and gravels of the Miwa 
Formation (MIS 5e; Koike & Machida, 2001; Suzuki, 1989). The top of the Miwa Formation forms the Naka 
marine terrace surface, which is covered by Kanto loam. A 20–25 m high coastal cliff forms the seaward edge 
of the terrace. 
The Isozaki-Ajigaura dunes (Ogasawara, 1948) were distributed on the top of the coastal cliff (Fig.2.14a, 
b). At the bottom of the coastal cliff, the coast was rocky at Isozaki because the Nakaminato Group was exposed, 
and at Ajigaura there was only a narrow beach with a few small coastal dunes and coastal lowlands occupied 
by a backmarsh that was free of beach sand. The Isozaki dunes formed indistinct hills at the edge of the coastal 
cliff (one dune is 6 m high; Fig.2.14a). The dunes in the Ajigaura area were parabolic and less than 10 m high, 
behind northeast-facing blowouts. According to the data at Isozaki lighthouse (JODC, 2017), the prevailing 
winds were NE and NNE winds at present (Table 2.6). They blew more frequently from winter to spring and 
in autumn (Fig.2.15). From the pressure patterns with more than 20 m/s NE and NNE winds, many cases 
were caused by low pressure systems off the south coast of Japan, so-called ‘southern coastal low’ 
(Fig.2.16). The typhoon in autumn was also one of the causes of the strongest winds, whose velocity sometimes 
exceeded 30 m/s. A few cases in spring were due to cold low. When expanding the range of wind to more than 
10 m/s, the wind could be also caused by general low pressures and so on besides southern coastal low. On the 
other hand, the prevailing northeasterly winds in summer at the Pacific coast in northeastern Japan, called 
Yamase, from the Okhotsk high pressure system were showed much weaker in the present data at Isozaki 
lighthouse. The other climatic conditions in Hitachinaka city where Isozaki and Ajigaura belong are shown in 
Table 2.7. 
Among the five outcrops examined in the Isozaki-Ajigaura area (Fig.2.14c), section I-1 (Fig.2.7a) 
represented the upper part of the 20-m-high coastal cliff at Isozaki, in which the Kanto loam was 2 m thick and 
underlay 50-cm-thick layer of dune sand, which itself underlay a 25-cm-thick layer of black sand. The 14C age 
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for the black sand was obtained as 960 ± 20 yrsBP (No. IAAA-130676). In section A-1 (Fig.2.7d), located at 
the innermost edge of a blowout at Ajigaura, the Kanto loam was missing because of erosion and the dune 
sands (5 m thick) directly overlay the Miwa Formation. In section A-2 (Fig.2.7b,e), located at the side base 
of the nose part of a parabolic dune on the terrace behind A-1, the dune sands overlay the buried black soil (A-
BBS; 70 cm thick) that had 14C ages of 1200 ± 20 yrsBP (No. PLD-26372) at the top and 5515 ± 30 yrsBP (No. 
PLD-26813) at the lower part. The black soil (A-BBS) overlay orangish pumice beds, which was inferred as 
Nantai Shichihonzakura Pumice Bed (Nt-S, 12,000–13,000 yrsBP; Machida & Arai 2003) and the Nantai 
Imaichi Pumice Bed (Nt-I, 12,000–13,000 yrsBP; Machida & Arai 2003). These beds lay atop the Kanto loam. 
Section A-3 comprised the dune sands 30-40 cm below the topsoil at the arm part of the parabolic dune. Section 
A-4 (Fig.2.7f) was obtained by making a pit 250 m west from section A-1 at the side base of a small dune 
(less than 5 m high) on the terrace behind another blowout. In section A-4, the orange pumice beds existed 1 
meter beneath the topsoil and lay atop the Kanto loam and a buried black soil (60 cm thick; 14C age 2790 ± 20 
yrsBP, No. PLD-29208, at the top of the black soil) overlay them. This buried black soil was correlated to A-
BBS in A-2 based on its stratigraphic position. An alternation of thin sand layers and black sand layers with a 
thickness of 15 cm overlay the buried black soil. The sands of these thin sand layers are inferred to be originated 
in the Miwa Formation from its yellowish color. Moreover, an alternation of dark brown loam layers and the 
dune sands with a thickness of 20 cm overlay the thin sand layers. And the main body of the dune lay on them. 
Next to the north side of Isozaki-Ajigaura area, Hitachinaka Port facilities and Hitachi Seaside Park have 
been built since 1984. This area used to be known as the site of Mito air-force maneuvers area and have 
environments of topography and geological features similar to Ajigaura. Series of blowouts were able to be 
recognized developing at the top of the coastal cliff on a larger scale than Ajigaura with topographic maps and 
aerial photos prepared before artificial landform transformation. But details of blowouts and sediments around 
them were unclear because the area was widely occupied with the blown up of beach sands onto the terrace of 
coastal dunes (Fig.1.9, Fig. 2.14a; Tonosaki et al., 1993).  
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Fig.2.14 Isozaki-Ajigaura area  (a) Distribution of dunes. (b) Air photograph in 1961 (MKT611 C17-
26) from GSI Maps: http://mapps.gsi.go.jp/maplibSearch.do?specificationId=424269  (c) Columnar section. 
The location is shown in Fig.2.14a. The details of 14C ages are shown in Table 2.2. 
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Table 2.6 Wind (the velocity ≥ 10 m/s) appearance frequency (%) in Isozaki-Ajigaura 
 
From 2000.4 to 2014.3 (Based on data from JODC, 2017), measurement times: 245071 (=100%). 
 
 
 
Fig.2.15 Frequency of wind direction in Isozaki-Ajigaura  Based on the data of 19518 (=100%) 
when wind velocity was more than 10 m/s in 245071 times from 2000.4 to 2014.3 (JODC, 2017). The values 
represent the mean velocity in m/s (> 0 m/s) of the prevailing winds.  
 
% N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW total
10-15m/s 0.2 3.2 2.5 0.3 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 7.0
15-20m/s 0.0 0.5 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8
20m/s- 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
72 
 
 
Fig.2.16 Typical low pressure patterns with the strong winds in Isozaki-Ajigaura The 
number of times of low pressure patterns with NE and NNE wind (the velocity ≥ 20m/s) from 2000.4 to 
2014.3 (Based on wind data from JODC, 2017 and weather charts from JMA, 2017). Pressure pattern 1: 
typhoon, Pressure pattern 2: southern coastal low, Pressure pattern 3: cold low, Pressure pattern 4: others 
(e.g. fronts).  
 
 
Table 2.7 Climatic condition in Isozaki-Ajigaura 
 
From1982 to 2012 in Hitachinaka city (from Climate-data.org, 2017). 
 
 
 
 
 
 
 
 
LTF2047200804181255                NE 210                               Jan. Fev. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total
pressure pattern 1 1 3 7 1 12
pressure pattern 2 7 5 2 4 2 20
pressure pattern 3 2 2
pressure pattern 4 1 1
total 7 5 2 6 0 0 0 1 3 9 0 2 35
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
 temperature ave. (℃) 3.4 3.8 6.7 11.8 16.1 19.6 23.5 25.2 21.9 16.2 11.1 6.2 13.8
 rainfall ave. (mm) 41 61 100 116 144 184 150 128 174 181 83 53 1415
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2.3.4 Kashima (Takamagahara) area 
Kashima is located on the Pacific coast of southern Ibaraki Prefecture, north of Cape Inubo, eastern Kanto 
Plain in Japan (Fig.2.1, 2.17). In this area, the edge of the Kashima terrace, one of the Jyousou terraces, is a 
coastal cliff about 30 m high. The terrace deposits consist of sands and gravels of the Narita Formation (MIS 
5e; Koike & Machida, 2001), which is the counterpart of the Miwa Formation at Isozaki- Ajigaura, and are 
covered by Kanto loam (Kashimacho history editing committee, 1972).  
The Takamagahara dunes (Ogasawara, 1951) were distributed at the top of the coastal cliff (Fig.2.3, 
Fig.2.17). They were like indistinct parabolic dunes (about 10 m high) which bordered the southern edge of a 
large blowout that faced north-northeast. The large blowout (800 m long, 250 m wide, >5 m deep), so called 
the Takamagahara depression, contained a small, northeastward-flowing stream (about 150 m long) called the 
Suenashi Creek, which did not reach the sea at present (Fig.2.8f). Instead, it was confirmed that a small alluvial 
fan on coastal lowland was formed with a beach on the front, lacking beach sands blown up onto the terrace. 
The data of JODC (2017) indicated that the direction of prevailing strong winds were N and NNE winds at 
present (Table 2.8). The frequency was large from winter to spring and in autumn (Fig.2.18) as well as Isozaki-
Ajigaura. From the pressure patterns with more than 20 m/s N and NNE winds, the cases from winter to spring 
were mainly caused by southern coastal low and the ones in autumn were caused by typhoons (Table 2.9). In 
the range of wind more than 10 m/s, the wind could be also caused by cold low, general low pressures, and so 
on. The prevailing northeasterly winds in summer, called Yamase, were showed much weaker in the present 
data at Kashima as well as Isozaki-Ajigaura. The other climatic conditions in Kashima are shown in Table 2.10. 
 Fig.2.19 shows the six outcrops studied in the Kashima area. Section K-2 located near a triangulation 
station (40.8 m high) at the top of the Takamagahara dunes (Fig.2.8b, d). Section K-1 (Fig.2.8a) was 300 m 
northeast from section K-2. Section K-3 (Fig.2.8c) located at the edge of the Takamagahara depression, 150 m 
north from K-1. In section K-1, the Kanto loam was more than 3 m thick and underlay the dune sands (2 m 
thick). In section K-3, however, the Kanto loam was mostly missing because of erosion, and the dune sands 
overlay weathered pumices, which lay atop the Narita Formation. In section K-2, the uppermost part of dunes 
underlying a little topsoil was exposed. Section K-4 located at the point where the strike direction of the coastal 
cliff changed from Northwest -Southeast to North- South and its slope gradient turned gentle. There appeared 
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to have been blowouts here, but today many coastal dunes were running on the terrace in the south direction 
from this point. Section K-4 was located at the nose part of the older coastal blowout dune on the slope. Section 
K-5 was also on the newer coastal dune on the terrace. Section K-6 (Fig2.8e) located on the slope of a part of 
the terrace like an island, which had been separated from the body of the terrace because of the dissection. In 
section K-6, the Narita Formation was observed 150 cm below the topsoil. The top part of the Narita Formation 
consisted of sands (60 cm thick), which manganese oxides attached to, and the second part consisted of coarse 
sands with 1-3cm gravels. A dark brown loam layer with a little yellowish pumice lay on the Narita Formation. 
The 14C age at the darkest part in the dark brown loam layer (10-20cm above the Narita Formation) was 
obtained as 2830 ± 25 yrsBP (No. PLD-26814). This loam layer was eroded and partly disappeared, thus the 
boundary of olive-greyish fine sand layer overlying it was unconformable. Moreover, the medium sand layer 
overlay the olive-greyish sand layer, but a thin intercalation of loamy sand layer in their boundary was 
observable. The maximum thickness of the loamy sand layer was 4 cm, overlaid by the medium-grain size 
sand layer of 70 cm thickness. Both olive-greyish sands and the medium sands were considered to be similar 
to coastal dune sands. 
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Fig.2.17 Kashima (Takamagahara) area (a) Distribution of dunes. (b) Air photograph in 1961 
(MKT622 C14B-19) from GSI Maps: http://mapps.gsi.go.jp/maplibSearch.do?specificationId=436488 
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Table 2.8 Wind (the velocity ≥ 10 m/s) appearance frequency (%) in Kashima 
 
From 2008.4 to 2014.3 (Based on data from JODC, 2017), measurement times: 105058 (=100%). 
 
 
 
Fig.2.18 Frequency of wind direction in Kashima  Based on the data of 9642 (=100%) times when 
wind velocity was more than 10 m/s in 105058 times from 2008.4 to 2014.3 (JODC, 2017). The values 
represent the mean velocity in m/s (> 0 m/s) of the prevailing winds.  
 
 
% N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW total
10-15m/s 2.0 3.1 0.7 0.1 0.0 0.1 0.1 0.2 0.4 0.8 0.4 0.0 0.1 0.0 0.0 0.2 8.1
15-20m/s 0.3 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.9
20m/s- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
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Table 2.9 Typical low pressure patterns with the strong winds in Kashima 
 
The number of times of pressure patterns with NNE and N wind (the velocity ≥ 20m/s) from 2008.4 to 
2014.3 (Based on data from JODC, 2017). Pressure pattern 1: typhoon, Pressure pattern 2: southern coastal 
low, Pressure pattern 3: cold low. Weather charts are shown in Fig. 2.16. 
 
 
Table 2.10 Climatic condition in Kashima 
 
 From 1981 to 2010 (from JMA, 2017). 
 
 
 
Jan. Fev. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total
pressure pattern 1 1 1 1 1 4
pressure pattern 2 2 2 1 5
pressure pattern 3 1 1
total 2 2 0 2 1 0 0 1 1 1 0 0 10
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
 temperature ave.(℃) 4.4 5.0 7.9 12.7 16.7 19.6 23.4 25.3 22.3 17.3 12.1 7.0 14.5
 rainfall ave. (mm) 81.1 77.4 135.4 123.6 127.1 146.6 122.8 109.1 212.1 234.8 102.3 60.5 1529
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Fig.2.19 Columnar section in Kashima  The location is shown in Fig.2.17a. The details of 14C ages 
are shown in Table 2.2. 
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2.4 Conclusion 
Four areas were selected in order to study conditions in forming landforms of aeolian erosion in Japan. The 
methods of reading maps, stereoscopic vision of aerial photos, outcrop observation, and sample collection were 
described in the former part of this chapter, and the characters of natural environments in each area and 
distribution maps of aeolian features and figures of columnar section were showed in the latter. 
The characteristics of natural environments in each area are summarized in Table 2.11 for comparing. It 
suggests that they were under some common conditions. All features of aeolian erosion were distributed at 
head of coastal cliffs (≥15 m high) of the terraces whose deposits consisted of marine sands and gravels covered 
by loam. The coastal cliffs meeting at right angle to prevailing winds were located where winds were easy to 
converge such as on the contraposed shorelines or at the mouth of the river. Blowouts at head of cliffs in the 
crooks of the contraposed shorelines were distinct. In particular, a dingle of the small creek running in the same 
direction of prevailing wind was inclined to form a blowout on a large scale. The data of present prevailing 
winds can be useful because those winds of study areas were accord with the winds which formed aeolian 
landforms. In Esashi and Shiriyazaki those northwesterly winds were the winter monsoons, and in Isozaki-
Ajigaura and Kashima those were northeasterly winds mainly caused by strong low pressures (including the 
typhoon) passing in the south of these fields.  
In conclusion, the above is regarded as common conditions in forming landforms of aeolian erosion in 
northern and eastern Japan at least. Those are similar to conditions which Ogasawara (1951) pointed out except 
of the seasons of low pressures passing. 
In addition, the profile of each dune and the 14C ages of BBS and BS were referred in this chapter: In both 
Esashi and Shiriyazaki the dunes overlay buried black soils (upper limit about 8500 yrsBP 14C age) at the top 
of the loam. They were composed of four sand layers (E-DS1–4) that were separated by buried black sands (E-
BS1–4) in Esashi, and five sand layers (S-DS1–5) separated by buried black sands (S-BS1–4) in Shiriyazaki. 
In Ajigaura, the dune sands overlay buried black soils (about 2800 yrsBP 14C age at the top of soils) which 
underlay orangish pumice beds (Nt-S and the Nt-I, 12,000–13,000 yrsBP) at the top of Kanto Loam. In 
Kashima, buried black soils were not found and the dune sands directly overlay Kanto loam, which was also 
missing in some places because of erosion. The 14C age of dark brown loam layer eroded in part was about 
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2800 yrsBP. Because it is inferred that the formation of blowouts and dunes were not active during the periods 
of forming BBS and BS, those 14C ages are available to understand topographical chronicles. But it is also 
necessary to study physicochemical properties of the deposits and structures of dunes in Chapter 3 before 
discussing them.   
 
 
 
 
 
 
81 
 
 T
a
b
le
 2
.1
1
  
N
a
tu
ra
l 
e
n
v
ir
o
n
m
e
n
t 
a
n
d
 a
e
o
li
a
n
 f
e
a
tu
re
s 
in
 t
h
e
 s
tu
d
y
 a
re
a
s
E
sa
sh
i 
S
h
ir
iy
a
za
k
i 
 I
so
za
k
i-
A
ji
g
a
u
ra
K
a
sh
im
a
O
n
 t
h
e
 b
an
k
 a
t 
th
e
 m
o
u
th
 o
f 
th
e
 r
iv
e
r
O
n
 t
h
e
 c
o
n
tr
ap
o
se
d
 s
h
o
re
li
n
e
 
O
n
 t
h
e
 c
o
n
tr
ap
o
se
d
 s
h
o
re
li
n
e
 
O
n
 t
h
e
 c
o
n
tr
ap
o
se
d
 s
h
o
re
li
n
e
 
 O
n
  
3
0
 m
 h
ig
h
 c
o
as
ta
l 
c
li
ff
 o
f 
th
e
M
IS
 5
e
 t
e
rr
ac
e
 m
e
e
ti
n
g
  
at
 r
ig
h
t 
an
g
le
 t
o
 t
h
e
 p
re
va
il
in
g
 w
in
d
T
e
rr
ac
e
 d
e
p
o
si
ts
e
d
 c
o
n
si
st
 o
f 
m
ar
in
e
sa
n
d
s 
an
d
 g
ra
ve
ls
 c
o
ve
re
d
 b
y
 l
o
am
 T
ak
am
ag
ah
ar
a 
d
e
p
re
ss
io
n
(8
0
0
 m
 l
o
n
g
, 
2
5
0
 m
 w
id
e
, 
>
 5
 m
d
e
e
p
) 
w
it
h
 a
 s
m
al
l 
c
re
e
k
 1
0
 m
 h
ig
h
 p
ar
ab
o
li
c
 d
u
n
e
s 
fa
c
in
g
N
N
E
 a
n
d
 t
h
e
ir
 t
ra
n
sf
o
rm
at
io
n
s
N
 a
n
d
 N
N
E
 w
in
d
s 
c
au
se
d
 b
y
 s
tr
o
n
g
lo
w
 p
re
ss
u
re
s 
 p
as
si
n
g
 i
n
 t
h
e
 s
o
u
th
 o
f
th
e
se
 f
ie
ld
s
 O
n
  
2
0
-2
5
 m
 h
ig
h
 c
o
as
ta
l 
c
li
ff
 o
f 
th
e
M
IS
 5
e
 t
e
rr
ac
e
 m
e
e
ti
n
g
  
at
 r
ig
h
t 
an
g
le
to
 t
h
e
 p
re
va
il
in
g
 w
in
d
T
e
rr
ac
e
 d
e
p
o
si
ts
 c
o
n
si
st
e
d
 o
f 
m
ar
in
e
sa
n
d
s 
an
d
 g
ra
ve
ls
 c
o
ve
re
d
 b
y
 l
o
am
 S
o
m
e
 n
o
rt
h
e
as
t-
fa
c
in
g
 b
lo
w
o
u
ts
  
at
th
e
 t
o
p
 o
f 
th
e
 c
o
as
ta
l 
c
li
ff
 i
n
 A
ji
g
au
ra
 L
e
ss
 t
h
an
 1
0
 m
 h
ig
h
 p
ar
ab
o
li
c
 d
u
n
e
s
fa
c
in
g
 N
E
 i
n
 A
ji
g
au
ra
 N
E
 a
n
d
 N
N
E
 w
in
d
s 
c
au
se
d
 b
y
 s
tr
o
n
g
lo
w
 p
re
ss
u
re
s 
p
as
si
n
g
 i
n
 t
h
e
 s
o
u
th
 o
f
th
e
se
 f
ie
ld
s
 O
n
  
1
5
-2
0
 m
 h
ig
h
 c
o
as
ta
l 
c
li
ff
 o
f 
th
e
M
IS
 5
e
 t
e
rr
ac
e
 m
e
e
ti
n
g
  
at
 r
ig
h
t 
an
g
le
to
 t
h
e
 p
re
va
il
in
g
 w
in
d
T
e
rr
ac
e
 d
e
p
o
si
ts
 c
o
n
si
st
e
d
 o
f 
m
ar
in
e
sa
n
d
s 
an
d
 g
ra
ve
ls
 c
o
ve
re
d
 b
y
 l
o
am
M
an
y
 n
o
rt
h
w
e
st
-f
ac
in
g
 b
lo
w
o
u
ts
at
 t
h
e
 t
o
p
 o
f 
th
e
 c
o
as
ta
l 
c
li
ff
 a
lo
n
g
 t
h
e
 w
e
st
e
rn
 c
o
as
t
  
  
L
e
ss
 t
h
an
 1
5
 m
 h
ig
h
 p
ar
ab
o
li
c
d
u
n
e
s 
fa
c
in
g
 W
N
W
 a
n
d
 s
e
if
 d
u
n
e
s
e
x
te
n
d
in
g
 f
ro
m
 W
N
W
 t
o
 E
S
E
W
N
W
 a
n
d
 N
W
 w
in
d
s
(t
h
e
 w
in
te
r 
m
o
n
so
o
n
)
  
O
n
  
5
0
 m
 h
ig
h
 c
o
as
ta
l 
c
li
ff
  
o
f 
th
e
M
IS
 7
 t
e
rr
ac
e
 m
e
e
ti
n
g
 a
t 
ri
g
h
t 
an
g
le
to
 t
h
e
 p
re
va
il
in
g
 w
in
d
T
e
rr
ac
e
 d
e
p
o
si
ts
 c
o
n
si
st
e
d
 o
f 
m
ar
in
e
sa
n
d
s 
an
d
 g
ra
ve
ls
 c
o
ve
re
d
 b
y
 l
o
am
 2
5
 m
 h
ig
h
 d
u
n
e
s 
al
o
n
g
 t
h
e
 e
d
g
e
 o
f
th
e
 c
li
ff
 l
ik
e
 t
ra
n
sv
e
rs
e
 d
u
n
e
s 
w
it
h
a 
N
W
–
S
E
 o
ri
en
ta
ti
o
n
W
N
W
 a
n
d
 N
W
 w
in
d
s
 (
th
e
 w
in
te
r 
m
o
n
so
o
n
)
A
eo
lia
n
 f
ea
tu
re
s
(b
lo
w
o
u
t)
A
eo
lia
n
 f
ea
tu
re
s
(d
u
n
e)
 P
re
se
n
t
 p
re
v
ai
lin
g
 w
in
d
s
L
o
c
at
io
n
T
o
p
o
g
ra
p
h
ic
al
en
v
ir
o
n
m
en
t
G
eo
lo
g
ic
al
en
v
ir
o
n
m
en
t
82 
 
Chapter 3 Physicochemical properties of the deposits in aeolian landforms  
 
3.1 Introduction 
In studies of grains in aeolian deposits, grain size analysis is the basic performance to identify their origins 
and formation processes (Pye & Tsoar, 2009). Based on the properties of the grain size distributions, Uesugi 
(1972) distinguished aeolian sands from marine sands and Naruse & Inoue (1982) showed that aeolian dusts 
were mixed in paleo sol horizons in North Kyushu in Japan. Also, Huffman & Price (1949) and Holliday (1997) 
utilized this method for their studies to define clay dune or Lunette. Similarly in this study, grain size analysis 
to detect characteristics of the origin of dunes was carried out with a careful consideration on the compositions: 
loam and marine sediments, of the upper coastal cliffs where the blowouts were found in Shiriyazaki, Ajigaura, 
and Kashima as described in Chapter 2.   
Analytical methods from soil chemistry were also adopted in this study as supportive tools to verify whether 
fine particles including tephric materials from loam layers mixed in. In addition, some sand layers and black 
sand layers observed in the dune profiles, which were recognized as ‘tuffaceous’ by Endo (1986) in Esashi 
particularly, were characterized by chemical analyses in this study.  
Mineral analysis, which is often applied for tephra identification (Machida & Arai, 2003), enables to obtain 
information for the nature of origin and the processes of transporting and forming sediments (Nojiri-ko Lake 
volcanic ash group, 2001). In this study, mineral composition was examined only for the samples of Esashi in 
order to identify the origin of grains because blowouts could not be found there.  
  Mineral spectrophotometry is one of the methods in lithology and geology to estimate past environment 
with the sedimentary rocks ex. Chert (Kuroki, 1996) or weathering of granitic rocks (Nagano & Nakasima, 
1989), and so on. In this study, the method was complementarily utilized to estimate base materials in objective 
comparison of material color parameters of loam and marine sands. 
The purpose of this chapter is to improve understanding of the structure of dunes by analyzing the 
physicochemical properties of the dunes and to obtain data for discussing their forming process. Each sampling 
position (ID) is described on the columnar sections in Chapter 2 (Fig.2.9c, 2.13, 2.14c, 2.19). 
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3.2 Material and Methods 
 
3.2.1 Measurements of pH (H2O) and pH (NaF) 
The pH(H2O) and the pH(NaF) were measured in 34 samples from Esashi, 25 samples from Shiriyazaki, 
40 samples from Isozaki-Ajigaura, and 25 samples from Kashima. For comparison, pH(H2O) and pH(NaF) 
were also measured in samples collected from coastal dunes or beach sands in each area. A pH(NaF) test is 
used as criterion of andic properties, pH(NaF) ≥ 9.5 by WRB criterion (FAO, 2014), which is indicative for 
most layers with andic properties due to the admixture of tephric materials. The existence of active aluminum 
(Al-OH, Al-OH2 groups) formed during the weathering of tephra releases hydroxyl group (OH), reacts with 
NaF and produces NaOH (Wada, 1977; Amano, 1983). The values of pH(H2O) and pH(NaF) of air-dried 
samples (<2 mm fraction) in solution (1:2.5, soil: H2O; 1:50, soil:NaF (1M)) were measured by a glass 
electrode method using a pH meter (TPX-999; Toko Chemical Laboratories Co. Ltd, Japan).  
 
3.2.2 Grain size analysis 
The grain size distributions were determined in 17 samples from Esashi, 16 samples from Shiriyazaki, 17 
samples from Isozaki-Ajigaura, 12 samples from Kashima and in the comparative samples in order to infer the 
origins of the particles. First, the samples were pretreated with H2O2 for decomposing the organic matter and 
dispersed ultrasonically. Then each sample was sieved into nine fractions (<63 µm, 63–125 µm, 125–180 µm, 
180–250 µm, 250–355 µm, 355–500 µm, 500 µm –1 mm, and 1–2 mm, 2 mm<) with wet method. Eight 
fractions (≥63 μm) were weighed after drying. The fine fraction (<63 μm) was collected by the pipette method 
and applied for a laser diffraction particle size analyzer (SALD 3000; Shimadzu Corporation, Japan) to obtain 
a spectrum curve of particle size distribution. Definition of the particle size of clay (<2 μm), silt (2 to <20 μm), 
and sand (≥20 μm) was based on International Union of Soil Science (IUSS) Method (Japanese Society of 
Pedology, 1997).  
 
3.2.3 TC and analysis of humic properties 
Total carbon and nitrogen contents were measured in 28 samples from Esashi, 23 samples from Shiriyazaki, 
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22 samples from Isozaki-Ajigaura, and 8 samples from Kashima (<0.5 mm fraction) with a nitrogen and carbon 
analyzer (Sumigraph NC-80; Shimadzu Corporation, Japan), and the C/N ratio was calculated to study the 
humification process. The Melanic Index (MI=K450/K520), Pg Index (PI=K610/K600), and ΔlogK (=logK400–
logK600), which are the indicators of the optical properties of humic acid (Honna et al., 1988), were also 
determined for the above samples (<2 mm fraction) with an absorption spectrometer (UV-2400; Shimadzu 
Corporation, Japan). Then the humic acid in the samples was classified following Kumada (1987). Andosols 
and Kuroboku soils are the representative soils having type A humic acid (MI ≤ 1.7, ΔlogK ≤ 0.650) , which 
indicates the highest degree of humification; Gray lowland soils often have type B (1.7 < MI ≤ 2.0); Podzols 
and Brown forest soils often have type P (2.0 < MI, PI ≥ 1); and Red-yellow soils often have type Rp (2.0 < 
MI, PI < 1). 
 
3.2.4 Colorimetry 
Color parameters based on L*a*b* color space of the Commission Internationale de l’Eclairage (CIE 1976) 
were measured in 39 samples from Esashi, in 23 samples from Shiriyazaki, in 35 samples from Isozaki-
Ajigaura, and in 23 samples from Kashima as well as in the comparative samples, to examine color properties 
mainly derived from pigment of iron oxides and characterize the origins of the coloration (Nagano & Nakasima, 
1989). Air-dried samples (<0.5 mm fraction) were analyzed before and after H2O2 treatment by using a 
colorimeter (SPAD-503; Minolta, Japan). The L* value represents psychometric lightness and ranges from 0 
(black) to 100 (white); the a* and b* values represent psychometric chromaticity, which range from +a* (red) 
to –a*(green) and from +b* (yellow) to –b* (blue), respectively. 
 
3.2.5 Primary mineral analysis 
As there was no blowout found in Esashi, 19 samples including Esashi dune layers, Jinya Loam layer, and 
the buried old sand dunes in the lower part of Jinya loam layer were applied for mineral analysis to examine 
the origins of the particles based on mineral characteristics and composition ratio. This analysis also aimed to 
search for the crypto tephras in Jinya loam by microscopic observation. The 63–125 µm size grains were 
prepared by the same method as the grain size analysis. They were separated into light and heavy minerals by 
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using TBE (Tetrabromoethane: specific gravity 2.96) heavy liquid after deironization treatments, and removed 
magnetite with a magnet. Then thin sections were made with lakeside cement. In each sample, about 200 heavy 
mineral grains were counted and classified with the polarizing microscope and the ratio of each mineral content 
(count %) were calculated. The light minerals were scattered on slide glasses and about 200 grains were 
counted. Content (count %) and morphological characteristics of volcanic glasses were examined referring to 
Endo & Suzuki (1980) and Yoshikawa (1976). 
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3.3 Results and Discussion 
 
3.3.1 The effects of tephric materials mixed in dunes   
At Esashi, the pH(H2O) values of the Jinya loam (samples e1–e10), E-BBS (e11, e12), and the Esashi dune 
(e13–e40) samples ranged 5.1–6.4 (Strongly– Slightly acid; Soil Survey Division Staff, 1993) (Table 3.1). All 
samples except sample e5 had pH(NaF) > 9.5, whereas in the comparative sample (e42, coastal dune at 
Kabutono (Fig.2.1) ), pH(NaF) was around 7.  
At Shiriyazaki, the pH(H2O) values of loam (samples s1–s7), S-BBS (s8, s9), and dune (s10–s34) samples 
ranged 4.6–6.5 (Very Strongly– Slightly acid), and the pH(NaF) values of all samples except s10, s11, s27, s30, 
and s34 were more than 9.5 (Table 3.2). In contrast, in the comparative samples (s35 and s36, beach sand 
(Fig.2.11a) ), pH(NaF) was around 9. 
At both Esashi and Shiriyazaki, pH(NaF) values tended to decrease from the bottom to the top of the dunes. 
In the Isozaki-Ajigaura area, the pH(H2O) values of samples from the Miwa Formation (samples a1–a2, 
i1–i3), Kanto loam (i4–i12), A-BBS (a10-a11, a22-a24, a28), the Ajigaura dunes(a3–a6, a12–a15, a18-a19, 
a25-a27), and the Isozaki dunes (i13–i18) ranged 4.9–6.8 (Very Strongly acid –Neutral) (Table 3.3). In contrast, 
pH(NaF) values of the Kanto loam, A-BBS, Isozaki dunes and the parts of Ajigaura dunes (a25-a27) samples 
were higher than 9.5, whereas pH(NaF) of the other samples was less than 9.5. In the comparative sample (a16, 
coastal dune (Fig.2.14a) ), pH(NaF) was around 8. 
At Kashima, the pH(H2O) values of samples from the Narita Formation (samples kj1,kj2), the Kanto loam 
(k1–k4, kj3,kj4), weathered pumices (k11, k12), Takamagahara dunes (k5–k10, k13–k15), the coastal dunes 
on the terrace (kj5,kj7,kd1,km1) and loamy sand layers intercalated into the coastal dunes (kj6) ranged 4.8–
6.9 (Very Strongly– Neutral ) (Table 3.4). The pH(NaF) values of the Kanto loam and the parts of 
Takamagahara dunes (k5, k6, k10) samples were larger than 9.5. Meanwhile, pH(NaF) values of the other parts 
of Takamagahara dunes (k7–k9, k13–k15), loamy sand layers intercalated into the coastal dunes (kj6), and 
weathered pumices (k11, k12) samples ranged 8.6-9.3, which were less than 9.5. Also pH(NaF) values of 
samples from the Narita Formation and the coastal dunes on the terrace were much less than 9.5. In the 
comparative sample (sample k16, coastal dune behind the beach (Fig.2.17a) ), the pH(NaF) value was around 
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7.5. 
The layers representing pH(NaF) values >9.5; most loam layers and BBSs, and most Esashi and Shiriyazaki 
dune samples as well as some of the Isozaki-Ajigaura and Takamagahara dune samples, were judged as tephra 
or tephric materials.  
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3.3.2 Comparison of the silt-clay and sand contents in dunes  
The grain size distributions in the Esashi dune samples e19, e29, e32, e35, e38, and e40 were bimodal (Fig. 
3.1), with a distinct sand (≥20 μm) peak and a gentle silt-clay (<20 μm) peak. The silt-clay contents were 36.3% 
(e19), 23.9% (e29), 13.8% (e32), 28.0% (e35), 20.4% (e38), and 17.7% (e40). In general, grain size became 
finer with depth, with a few exceptions. In contrast, the grain size distribution in sample e12 (E-BBS), though 
also bimodal, showed a large silt-clay peak and a smaller sand peak (sand content 24.3%). Sample e7 (Jinya 
loam) was composed mostly of silt-clay. And a large silt-clay peak in samples e7, e12 had the slope like a 
mountain shoulder (around 0.8-1μm). The grain size distribution in the comparative sample e42 (coastal dune 
sands at Kabutono; Coastal Dune Sand is abbreviated to “CDS” hereafter) was unimodal (sand content 99.1%).  
As in the Esashi dunes, the grain size distribution in the Shiriyazaki dune samples s13, s17, s19, s24, s29, 
and s34 was bimodal, with a distinct sand peak and a gentle silt-clay peak (Fig. 3.2). The silt-clay contents 
were 41.6% (s13), 27.5% (s17), 14.8% (s19), 18.6% (s24), 11.1% (s29), and 17.6% (s34). In general, grain 
size became finer with depth, with a few exceptions. In contrast, Shiriyazaki loam (samples s2 and s5) and S-
BBS (s9) samples were composed mostly of silt-clay with small amounts of sand mixed in (silt-clay contents 
87.8%, 84.0%, and 82.1%, for samples s2, s5, and s9, respectively). Their silt-clay peak also had the slope like 
a mountain shoulder (around 0.8-1μm) as well as samples e7, e12 in Esashi. Moreover, the comparative sample 
s36 (beach sands) had a single sand peak (sand content, 98.9%). It is remarkable that the grain size distribution 
of sample s10 (from S-DS1; sand content, 98.3%) was similar to that of the comparative sample. Its modal 
grain diameter (mode) is 750 µm, and the distribution showed a positive skew. 
The clay-silt-sand ternary diagrams for the Esashi (17 samples; Fig.3.3 a) and Shiriyazaki (16 samples; Fig. 
3.3 b) samples were prepared. Esashi samples were classified into three groups: the first group (unimodal with 
a silt-clay peak) consisted of samples e4, e5, and e7 (Jinya loam) and samples e11 and e12 (E-BBS); the second 
group (bimodal) consisted of samples e19–e40 (Esashi dunes); and the third group (intermediate) consisted of 
samples e1 (Jinya loam) and e14 (E-DS1). Similarly, Shiriyazaki samples were classified into three groups: 
group 1 (main silt-clay peak) consisted of samples s2 and s5 (Shiriyazaki loam) and s9 (S-BBS); group 2 
(bimodal) consisted of samples s12–s34 (Shiriyazaki dunes, except S-DS1), and group 3 (single sand peak) 
consisted of sample s10 and s11 (S-DS1). At both Esashi and Shiriyazaki, the samples were plotted along a 
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straight line in the ternary diagrams, which shows that the clay/silt ratio is constant (Esashi, around 0.25; 
Shiriyazaki, around 0.42) regardless of quantity of the sand. 
The grain size distributions in the Isozaki-Ajigaura samples i6, i10 (I-1, Kanto Loam), a11, a28 (A-2, A-
BBS), a22, a23, a24 (A-4, A-BBS), a25, a27 (A-4, DS), i15 (I-1, DS), and i16 (I-1, BS) were bimodal, with a 
distinct sand (≥20 μm) peak and a gentle silt-clay (<20 μm) peak (Fig. 3.4). The silt-clay contents were Kanto 
Loam 46.4% (i6), 60.1% (i10), A-BBS 50.5% (a11), 24.7% (a22), 27.5% (a23), 27.6% (a24), 40.8% (a28), DS 
23.5% (a25), 36.9% (a27), 21.5% (i15), and BS 21.5% (i16). On the other hand, samples a3, a6 (A-1, DS), a12, 
a13 (A-2, DS), a19 (A-3, DS), and a1 (A-1, Miwa Formation) were composed mostly of sand with small 
amounts of silt-clay mixed in, so they have unimodal sand peaks. Their silt-clay contents were 8.1% (a3), 4.7% 
(a6), 6.7% (a12), 6.3% (a13), 5.1% (a19) and 8.5% (a1). The grain size distribution in the comparative sample 
a16 (CDS) was unimodal (sand content 98.8 %), too.  
Table 3.5 was prepared to show sand grains distribution of the Isozaki-Ajigaura samples in order to compare 
the sands in Kanto Loam whose contents were larger than those in Esashi and Shiriyazaki Loam and the sands 
in Miwa Formation with others. In Table 3.5, the sand distributions of BS and DS were very different from that 
of CDS, even if their sand contents were more than 90% as well as CDS. While the peak of sample a16 (CDS) 
was in 180-250 μm range (mode 215μm ), those of DS and BS were in the same as those of Miwa Formation 
(500 μm-1mm range, mode 750 μm) or the lower part of Kanto Loam (355-500 μm range, mode 427.5 μm ). 
In detail, samples a3, a6, a19, a25, a27 (DS) were similar to i6 (the lower part of Kanto Loam), a12, a13 (DS), 
i16 (BS) were similar to a1 (Miwa Formation), i15 (DS) were similar to the both. In addition, samples a22, 
a23, a24, a28 (the lower part of A-BBS) had the peak in very fine sand 20-63 µm range (mode 41.5 μm), which 
was the same as i10 (the upper part of Kanto Loam). The clay-silt-sand ternary diagrams for 17 Isozaki-
Ajigaura samples was also prepared (Fig.3.6 c). It made clearer that they were classified into two groups: one 
was bimodal group consisting of samples i6, i10 (Kanto Loam), a11, a22, a23, a24, a28 (A-BBS), a25, a27, 
i15 (DS), and i16 (BS). They were plotted along a straight line, which showed that the clay/silt ratio was 
constant (around 0.12) regardless of quantity of the sand. The other was unimodal group consisting of samples 
a3, a6, a12, a13, a19 (DS), and a1 (Miwa Formation). They gathered at the same position. 
The grain size distributions in the Kashima samples k3 (K-1, Kanto Loam), kj3 (K-6, Kanto Loam), k5, k7 
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(K-1, DS), k10 (K-2, DS) were bimodal (Fig. 3.5), with a distinct sand (≥20 μm) peak and a gentle silt-clay 
(<20 μm) peak. The silt-clay contents were Kanto Loam 66.7%(k3), 52.3%(kj3), DS 23.3%(k5), 13.3%(k7), 
20.3%(k10). The silt-clay peak of sample k9 (K-1, DS) was unclear although its content was 16.5%. On the 
other hand, samples k13 (K-3, DS), kj6 (K-6, DS), kj2 (K-6, Narita Formation), and km1 (K-4, sands of coastal 
dunes running on the terrace; Coastal Dune Sand on the Terrace is abbreviated to “CDST” hereafter) were 
composed mostly of sand with small amounts of silt-clay mixed in, so they have unimodal sand peaks. Their 
silt-clay contents were DS 9.6% (k13), 10.5 % (kj6), Narita Formation 6.8% (kj2)，CDST 7.4 % (km1). 
Moreover samples kd1 (K-5, CDST), kj5 (K-6, CDST) and kj1 (K-6, Narita Formation) were more sandy like 
the comparative sample k16 (CDS). They have unimodal sand peaks and their sand contents 97.4 % (kd1), 
98.2 % (kj5), 97.8 % (kj1), and 99.4% (k16). 
Table 3.6 was prepared to show sand grains distribution of the Kashima samples as well as that of Isozaki-
Ajigaura to study character of each kind of sands. Many coastal dunes were running on the terrace in Kashima 
and thus different kinds of sand were adjacent to each other on the terrace. While the peaks of km1, kd1, kj5 
(CDST) were corresponded with that of k16 (CDS) in 180-250 μm range (mode 215μm), those of k5, k7, k9, 
k10, kj6 (DS) were in the same range (250-500 μm) as those of k3, k6 (Kanto Loam) or 355-500 μm range 
(mode 427.5 μm) as that of kj1 (Narita Formation). Sample kj6 (DS) had more grains in 180-250 μm range 
than other DS, so it was assumed to have been affected by kj5 (CDST). The clay-silt-sand ternary diagrams for 
10 Kashima samples (Fig.3.6 d) was also prepared. However no clear trend emerged because BBS and BS 
could not be found in Kashima and so there were fewer samples than other fields. 
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Fig.3.1 Esashi grain size distribution (from Tanino et al., 2016) Numbers show sample numbers in 
Fig.2.9c. Kabutono (no.e42) coastal dune sand is shown as a comparative sample. 
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Fig.3.2 Shiriyazaki grain size distribution (from Tanino et al., 2016) Numbers show sample numbers 
in Fig.2.13. Beach sand (no.s36) is shown as a comparative sample. 
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Fig.3.3 Clay-silt-sand ternary diagrams 1 (from Tanino et al., 2016) (a) Esashi. Numerals show sample 
numbers in Fig.2.9c. (b) Shiriyazaki. Numerals show sample numbers in Fig.2.13. IUSS soil texture 
classification (Japanese Society of Pedology, 1997) S: Sand, LS: Loamy Sand, SL: Sandy Loam, L: Loam, 
SiL: Silt Loam, SCL: Sandy Clay Loam, CL: Clay Loam, SiCL: Silty Clay Loam, SC: Sandy Clay, LiC: Light 
Clay, SiC: Silty Clay, HC: Heavy Clay  
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Fig.3.6 Clay-silt-sand ternary diagrams 2 (c) Isozaki-Ajigaura. Numerals show sample numbers in 
Fig.2.14c. (d) Kashima. Numerals show sample numbers in Fig.2.19. IUSS soil texture classification (Japanese 
Society of Pedology, 1997) S: Sand, LS: Loamy Sand, SL: Sandy Loam, L: Loam, SiL: Silt Loam, SCL: Sandy 
Clay Loam, CL: Clay Loam, SiCL: Silty Clay Loam, SC: Sandy Clay, LiC: Light Clay, SiC: Silty Clay, HC: 
Heavy Clay  
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3.3.3 The humification degree and humus properties 
In the Esashi samples, TC ranged from 0.6 to 7.5 weight% (Table 3.1). High values were obtained in 
samples from E-BBS and black sand layers: 7.5% in sample e12 (E-BBS), 5.7% in e29 (E-BS1), 4.4% in e35 
(E-BS2), 2.4% in e37 (E-BS3), and 2.6% in e40 (E-BS4). In other samples, TC was more than 1%, except in 
samples e1 and e5 (Jinya loam), e32 (E-DS2), e38 and e39 (E-DS3). C/N ratios ranged from 10.8 to 19.1 except 
in samples e1 and e5 (Jinya loam), e38 and e39 (E-DS3). Their values were converging around 15, which 
indicated that they were similar to Kuroboku soils (Andosols). In all samples except e1, e2, e3, e5, and e7 
(Jinya loam), e32 (E-DS2), e38 and e39 (E-DS3), and e40 (E-BS4), MI ≤ 1.7 and ΔlogK ≤ 0.650 so the humic 
acid was type A. In samples e1, e2, e3, e5, and e7, 2.0 < MI and PI ≥ 1, so the humic acid was classified as 
type P. In samples e32, e38, e39, and e40, 1.7 < MI ≤ 2.0 and PI < 1, so the humic acid was type B. The humic 
properties of samples e32 and e40, however, were similar to type A because MI was close to 1.7 and ΔlogK 
was ≤0.650.  
In the Shiriyazaki samples, TC ranged from 0.5 to 6.5 weight% except in samples s10 and s11 (S-DS1) 
(Table 3.2). High values were obtained in S-BBS and black sand layers: 5.7% in sample s9 (S-BBS), 4.7% in 
s13 (S-BS1), 6.5% in s17 (S-BS2), 5.8% in s23 (S-BS3), 4.5% in s34 (S-BS4). In other samples, TC was more 
than 1% except in sample s4 (Shiriyazaki loam) and samples s27 and s30 (S-DS4). The C/N ratio in S-BBS, 
S-BS1-3, and Shiriyazaki loam (except sample s4) ranged from 9.2 to 15.9, which suggested that their values 
were converging around 15 which is that of Kuroboku soils. In contrast, in samples s10 and s11 (S-DS1), TC 
was 0.1–0.2 weight% and the nitrogen content was below the detection limit, consistent with the field 
observations of little humus in these samples. On the basis of MI ≤ 1.7 and ΔlogK ≤ 0.650, the humic acid was 
classified as type A in all samples except s1–6 (Shiriyazaki loam), s10 and s11 (S-DS1), s32 (S-DS4), and s34 
(S-BS4). The humic properties of samples s32 and s34 in the upper part of Shiriyazaki dunes, however, were 
similar to type A because MI was close to 1.7 and ΔlogK was ≤0.650. In samples s1–5, 2.0 < MI and PI ≥ 1, 
so the humic acid was type P. In sample s6, 1.7 < MI ≤ 2.0 and PI < 1, so the humic acid was type B. It was 
not possible to analyze the humic properties of samples s10 and s11 (S-DS1) because of the low humus content. 
In the Isozaki-Ajigaura samples, high values of TC more than 4% were obtained in A-BBS: 5.0%, 5.0%, 
5.1% in samples a22, a23, a24 (A-4, A-BBS) and 4.9%, 5.2%, 5.1% in samples a10, a28, a11 (A-2, A-BBS) 
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respectively (Table 3.3). The values of TC more than 2% were obtained in BS and DS: 2.5%, 2.0%, 3.0% in 
samples a25, a26, a27 (A-4, DS) and 3.0%, 3.3% in i16, i17 (I-1, BS) respectively. And TC value of sample 
i15 (DS) was more than 1%. In contrast, TC values of samples i8, i10 (I-1, Kanto Loam) were 0.9 % and those 
of samples a3, a6 (A-1, DS), a12, a13 (A-2, DS), a18, a19 (A-3, DS), i13 (I-1, DS) were much lower. The C/N 
ratio except the values of samples less than 1% ranged from13.8 to 21.8, which was similar to that of Kuroboku 
soils. It has a possibility that the resolution more advanced after having been buried in samples whose C/N 
values were more than 20 (Yonebayashi, 1993). In addition, the humic acid was classified as type A in samples 
a22, a23, a24 (A-4, A-BBS), a10, a28, a11 (A-2, A-BBS), i16, i17 (I-1, BS), a25, a26 (A-4, DS) on the basis 
of MI ≤ 1.7 and ΔlogK ≤ 0.650. The humic acid was type B in sample a27 (A-4, DS), but it was similar to type 
A because MI was close to 1.7 and ΔlogK was ≤0.650. In sample i15 (DS), 1.7 < MI ≤ 2.0, PI＝1 so the humic 
property was between type B and type P. The humic types of samples whose TC values were less than 1% were 
reference levels. 
In the Kashima samples, high values of TC were not obtained because BBS and BS could not be found in 
Kashima (Table 3.4). The values of TC more than 1% were obtained in loam and DS: 1.0%, 1.3%, 1.3%, 1.0%, 
1.0% in samples k3 (K-1, Kanto Loam), kj3, kj4 (K-6, Kanto Loam), k5 (K-1, DS), k10 (K-2, DS) respectively. 
In contrast, TC values of samples k7, k9 (K-1, DS), k15 (K-2, DS) were lower. The C/N ratio except the values 
of samples less than 1% ranged from 10.6 to 15.5. The humic acid was classified as type A in samples kj3, kj4 
(K-6, Kanto Loam) on the basis of MI ≤ 1.7 and ΔlogK ≤ 0.650. In sample k3 (K-1, Kanto Loam), 2.0 < MI 
and PI ≥ 1, so the humic acid was type P. In sample k5 (K-1, DS), 2.0 < MI and PI < 1, so the humic acid was 
type Rp. The humic acid was also type Rp in sample k10 (K-2, DS), but it was similar to type B because MI 
was close to 2.0. Sample k10 was collected from the sand layer underlying topsoils at the top of the dune and 
its type of humic acid was consistent with the field observations of immature humus in this sample. 
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3.3.4 Color properties and the origins of the coloration 
   At Esashi, the L* values of samples e1–e10 (Jinya loam) were similar between measurements made before 
and after H2O2 treatment (before H2O2, mean 61.4; after, mean 64.2) except in samples in the transition zone 
(e9 and e10) to E-BBS (Table 3.1). This result reflected the low TC contents of samples e1–e8. As a result, L* 
represented the lightness value of the minerals composing these samples (sand, silt, clay, iron oxide, etc.). The 
a*, b*values of samples e1–e8 were also similar between measurements made before and after H2O2 treatment 
(before, a* +6.6–8.1, b* +18.4–22.2; after, a* +7.0–8.7, b* +20.7–24.2). The b* values were three times the a* 
values, consistent with the yellowish hues (Munsell system 10YR3/4–10YR4/6) observed in the field. L* 
values of samples e11 and e12 (E-BBS) and e13–40 (E-BS1-4, E-DS1-3) obtained before H2O2 were inversely 
correlated with TC (weight %), whereas L* values obtained after H2O2 (mean 61.1) were similar to those in 
the Jinya loam samples. Thus, L* values before H2O2 were affected by the TC contents, but L* values after 
H2O2 reflected the lightness values of the minerals in the samples. The a*, b* values of samples e11–40 showed 
the same tendency as the L* values. The a*b* values before H2O2 were affected by the TC contents and values 
after H2O2, which were similar to those in the Jinya loam samples, reflected the chromaticity values of the 
minerals in the samples; a* values after H2O2 were +6.0–7.8, and b* values after H2O2 were +19.2–22.9.  
At Shiriyazaki, L* values of samples s1–6 (Shiriyazaki loam) were similar between measurements made 
before and after H2O2 treatment (before H2O2, mean 64.4; after, mean 64.6) except in the transition zone 
(sample s6) to S-BBS (Table 3.2). These results reflected the low TC contents of these samples and represent 
the lightness values of the minerals in the samples. The a*, b* values of samples s1–5 also showed only small 
changes (before H2O2, a* +7.7–9.0, b* +21.5–24.5; after, a* +8.7–9.8, b* +23.7–25.2). The b* values were 
three times the a* values, consistent with the yellowish hues (Munsell system 7.5YR5/6, 7.5YR5/8) observed 
in the field. The L* values before H2O2 of samples s8 and s9 (S-BBS) and s12–34 (S-BS1-4, S-DS2-4) were 
inversely correlated with TC (weight %), but L* values after H2O2 (mean 56.2) were similar to those of 
Shiriyazaki loam samples. Thus, L* values before H2O2 reflected the TC content, and L* values after H2O2 
reflected the lightness values of the minerals. The a*, b* values of samples s8, s9, and s12–34 had the same 
tendency as L* values. The a*, b* values before H2O2 were affected by the TC contents and values after H2O2 
reflected the chromaticity values of the minerals in the samples. The a* b* values after H2O2 of samples s8, s9, 
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s12, s13, and s24 (a* +7.4–8.4, b* +19.2–23.5) were close to those of the Shiriyazaki loam samples, but 
samples s16, s17, s19, s21, s23, s27, s29, s30, s32, s34 had lower values (a* +4.5–6.4, b* +15.4–19.2). Thus, 
the lightness values of the minerals in the Shiriyazaki dunes were similar to those of the minerals in the 
Shiriyazaki loam, but the chromaticity values in the Shiriyazaki dunes were less red and less yellow than those 
in the Shiriyazaki loam, which became remarkable from the bottom to the top of the Shiriyazaki dunes. 
In contrast, L*a*b* values of samples s10 and s11 (S-DS1) were similar between measurements made 
before and after H2O2 treatment, and the values after H2O2 treatment were much lower than in the other 
Shiriyazaki samples. The a* values were close to that of the comparative sample (sample s35, beach sand), the 
b* values were intermediate between those of other Shiriyazaki dune samples and the comparative sample, and 
the L* values were the smallest of all samples. Because these samples had the least TC among the samples, the 
L* values reflected those of their minerals. 
To analyze the a*–b* relationships, the b* values against the a* values for Esashi and Shiriyazaki samples 
were plotted in Fig. 3.7-1, 2. At Esashi, the before H2O2 samples showed a positive linear relationship, whereas 
the after H2O2 samples, except for the comparative sample, formed a single cluster. The steep slope of the a*–
b* relationship (broken line in Fig. 3.7-1a) indicated that a* < b*; therefore, the yellowish color was inferred 
to be due to a goethite-like material (FeOOH) (Nagano & Nakasima, 1989). Similarly, in Shiriyazaki samples 
measured before H2O2 treatment, a*and b* showed a positive linear relationship. The samples measured after 
H2O2 treatment were plotted further toward the upper right side, except for the comparative sample and samples 
s10 and s11 (S-DS1). Again, the steep slope of the a*–b* relationship (broken line in Fig. 3.7-2a) suggested 
that the yellowish color was derived from a goethite-like mineral. 
Samples of Isozaki-Ajigaura and Kashima had a variety in the wider area. So their results of experiments 
were more complicated. 
At Isozaki-Ajigaura (Table 3.3), the L* values of samples i1, i2, i3 (I-1, Miwa Formation), a1(A-1, Miwa 
Formation) after H2O2 treatment were smaller than those before H2O2 treatment (I-1: before H2O2, mean 57.2; 
after, mean 53.5. A-1: before H2O2, mean 47.9; after, mean 43.0). The results showed original lightness of 
sands appeared after removing dirt by H2O2 treatment was lower. Those sands were assumed to include many 
magnetite, black scoria and carbonization particles. Also, it is remarkable that Miwa Formation had various 
106 
 
sedimentary facies, so the characters of the lightness and chromaticity were various. Thus, there were some 
differences of L* values, such as 53.5 (I-1) and 43.0 (A-1), and the a*, b* had larger ranges. On the other hand, 
the L* values of samples i5, i6, i8, i10 (I-1, Kanto Loam) were equal between measurements made before and 
after H2O2 treatment (before H2O2, mean 56.6; after, mean 56.6). This result reflected the low TC contents of 
samples i5, i6, i8, i10. As a result, L* represented the lightness value of the minerals composing these samples. 
The a*, b*values of samples i5, i6, i8, i10 were also similar between measurements made before and after H2O2 
treatment (before, a* +6.3–9.5, b* +17.2–19.8; after, a* +9.0–9.5, b* +19.6–21.5). The b* values were twice 
the a* values, consistent with the yellowish hues (Munsell system 10YR4/4–10YR4/6) observed in the field. 
L* values of samples a10, a28, a11 (A-2, A-BBS), a22-a24 (A-4, A-BBS), i6, i7 (I-1. BS) obtained before 
H2O2 were inversely correlated with TC (weight %), whereas L* values obtained after H2O2 (mean 54.8 (A-2, 
A-BBS), 55.3 (A-4, A-BBS), 53.1 (I-1, BS)) were similar to those in Kanto loam and parts of Miwa Formation 
samples. Thus, L* values before H2O2 were affected by the TC contents, but L* values after H2O2 reflected the 
lightness values of the minerals in the samples. The a*, b* values of these samples showed the same tendency 
as the L* values. The a*b* values before H2O2 were affected by the TC contents and values after H2O2, which 
were similar to those in Kanto loam and parts of Miwa Formation samples, reflected the chromaticity values 
of the minerals in the samples; a* values after H2O2 were +9.0-10.1 (A-2, A-BBS), +9.9-11.3 (A-4, A-BBS), 
+8.7-8.8 (I-1, BS), and b* values after H2O2 were +20.0-22.1 (A-2, A-BBS), +14.9–20.4 (A-4, A-BBS), +18.4-
20.2 (I-1, BS). In particular, the a*values of the lower parts of A-BBS (samples a22, a23, a10, a28) were higher, 
which showed they were affected by orangish pumice beds (sample a9) underlying A-BBS. As for samples a3, 
a4, a6 (A-1, DS), a12-a14 (A-2, DS), a18, a19 (A-3, DS), a25-a27 (A-4, DS), i13, i15 (I-1, DS) had two 
tendencies. First, L*, a*, b* values of a25-a27 (A-4, DS) changed remarkably before and after H2O2 treatment 
like those of A-BBS. L*, a*, b* values of i13, i15 (I-1, DS) changed relatively, too. Their L*, a*, b* values 
obtained before H2O2 were inversely correlated with TC (weight %), whereas the values obtained after H2O2 
(L*mean 54.5, a* +9.1-9.5, b* +20.0-21.0 (A-4, DS), L*mean 56.7, a* +8.3-8.4, b* +20.6-21.0 (I-1, BS)) were 
similar to those in Kanto loam and parts of Miwa Formation samples. Thus, L* values before H2O2 were 
affected by the TC contents, but L* values after H2O2 reflected the lightness values of the minerals in the 
samples. Second, L*, a*, b* values of a3, a4, a6 (A-1, DS), a12-a14 (A-2, DS), a18, a19 (A-3, DS) were similar 
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between measurements made before and after H2O2 treatment, which reflected their low TC contents; before 
H2O2, L*mean values were 49.9 (A-1, DS), 48.7 (A-2, DS), 48.3 (A-3, DS), a* values were +4.4–5.0 (A-1, DS), 
+3.5–4.7 (A-2, DS), +5.4–5.9 (A-3, DS), b* values were +13.3–14.1 (A-1, DS), +10.8–11.6 (A-2, DS), +14.0–
14.7 (A-3, DS), and after H2O2, L*mean values were 52.1 (A-1, DS), 50.5 (A-2, DS), 51.3 (A-3, DS), a* values 
were +6.1–7.3 (A-1, DS), +6.5–7.3 (A-2, DS), +6.4–6.7 (A-3, DS), b* values were +17.7–18.6 (A-1, DS), 
+16.6–20.0 (A-2, DS), +16.4–17.7 (A-3, DS). Their values after H2O2 were similar to those in parts of Miwa 
Formation samples, but were lower than those in Kanto loam. 
At Kashima (Table 3.4), the L* values of samples kj1, kj2 (K-6, Narita Formation) after H2O2 treatment 
were smaller than those before H2O2 treatment (kj1: before H2O2, 56.7; after, 55.2. kj2: before H2O2, 42.1; after, 
40.7). The results showed original lightness of sands appeared after removing dirt by H2O2 treatment was lower. 
Those sands were assumed to include many magnetite, black scoria and carbonization particles. The a*, 
b*values after H2O2 were slightly larger than those before H2O2. Narita Formation had various sedimentary 
facies as well as Miwa Formation, so the characters of the lightness and chromaticity were also various. As for 
Kanto Loam, the L* values of samples k2-k4 (K-1, Kanto Loam) after H2O2 were smaller than those before 
H2O2 and the results of kj3, kj4 (K-6, Kanto Loam) were reversed (kj3: before H2O2, 56.8; after, 52.5. kj4: 
before H2O2, 50.5; after, 55.3). In any case, their values after H2O2 represented the lightness of the minerals 
composing these samples. Their a*, b*values went slightly up and down；before H2O2, a* +6.5–8.8, b* +19.0–
20.9 (K-1, Kanto Loam), a* +5.6–7.1, b* +16.9–17.1 (K-6, Kanto Loam), after H2O2, a* +8.7–9.6, b* +18.4–
21.0 (K-1, Kanto Loam), a* +7.9–9.3, b* +18.9–21.7 (K-6, Kanto Loam). As for DS, there were three 
tendencies. First, L*, a*, b* values of k10 (K-2, DS) changed relatively before and after H2O2 treatment and 
the values after H2O2 were similar to Kanto Loam (after H2O2, L* 53.1, a* +8.1, b* +19.8). Second, L*, a*, b* 
values of kj6 (K-6, DS) changed little before and after H2O2 (before H2O2, L*52, a* +6.5, b* +17.2; after, 
L*53.2, a* +6.6, b* +18.0) and the L*, b*values after H2O2 were similar to Narita Formation or the part of 
Kanto Loam, but a*value was lower. Third, L* values of k5-k9 (K-1, DS), k13-15 (K-3, DS) changed a little 
before and after H2O2 and a*, b* values changed relatively, and values after H2O2 were similar to Narita 
Formation or the part of Kanto Loam; after H2O2, L*mean 53.1, a* mean +8.0-8.4, b* mean 18.6-20.2 (K-1), 
L*mean 51.2, a* mean +7.7-8.9, b* 18.8-20.5 (K-3). On the other hand, a*, b* values of km1 (K-4, CDST), 
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kd1 (K-5, CDST), kj5, kj7 (K-6, CDST) were lower than those of other DS samples, which was consistent with 
Munsell system (2.5Y4/3, 2.5Y4/6) observed in the field, were similar to k16 (Comparative sample, CDS). 
To analyze the a*–b* relationships, the b* values against the a* values for Isozaki-Ajigaura (Fig. 3.7-3) 
and Kashima (Fig. 3.7-4) were also plotted. At Isozaki-Ajigaura, the before H2O2 samples except for Miwa 
Formation samples and the comparative sample showed a positive linear relationship although one of Kanto 
Loam samples had some variability in a value, whereas the after H2O2 samples were plotted further toward the 
upper right side. Although one of A-BBS samples had some variability in a value, the samples of Kanto Loam, 
A-BBS, BS, and DS (A-4, I-1) after H2O2 formed a single cluster and some of Miwa Formation samples joined 
this. The steep slope of the a*–b* relationship (broken line in Fig. 3.7-3a) indicated that a* < b*; therefore, the 
yellowish color was inferred to be due to a goethite-like material (FeOOH) (Nagano & Nakasima, 1989). At 
Kashima, samples of Kanto Loam, DS, and Narita Formation before H2O2 formed a single cluster, and the after 
H2O2 samples were plotted further toward the upper right side. On the other hand, the comparative sample 
(CDS) and CDST samples changed little before and after H2O2. 
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Fig.3.7 The a*–b* value graph (1) 1. Esashi. 2. Shiriyazaki. (from Tanino et al., 2016) 
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Fig.3.7 The a*–b* value graph (2) 3. Isozaki-Ajigaura. 4. Kashima.  
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3.3.5 Mineral composition  
Jinya loam samples e1-10 had less sand grains, whose contents were around 5-8% except sample e1 
(46.4%). As for the heavy mineral components of 63-125 μm sand grains, hornblende predominated and was 
followed by orthopyroxene, clinopyroxene for the most part (Fig.3.8). Contents of the volcanic glass in light 
minerals were much in sample e5, e 9 (Fig.3.9). Sample e 9 had a distinct peak of the volcanic glass, which 
included porous volcanic glasses with a lot of formless bubbles (Type F: Endo & Suzuki, 1980; Type Ta: 
Yoshikawa, 1976). Because of its stratigraphic position (the top of the Jinya loam), a crypto tephra identified 
as Nigorikawa-a (Ng-a, ca.12ka: Yanai et al., 1992) could be intercalated, as well as Nigorikawa-b, c tephra 
(Ng-b,c, ca.12ka: Yanai et al., 1992) and sediments of its pyroclastic flow (Ng-flow, Yanai et al., 1992). Sample 
e5 included the volcanic glasses with small spherical bubbles (Type C: Endo & Suzuki, 1980; Type Ca: 
Yoshikawa, 1976). Because of its stratigraphic position (under no.9), a crypto tephra identified as 
Komagadake-h tephra (Ko-h, ca.17ka: Katsui et al., 1989; Yanai et al., 1992) could be intercalated. Katsui et 
al. (1989) showed that Komagadake-h tephra did not have hornblendes, so it was assumed that hornblendes in 
sample e5 had mixed in from the upper or lower layers at the time of sampling. From such mineral compositions 
of 63-125 μm sand grains, Jinya loam was thought to have been influenced by volcanic sediments. 
On the other hand, the heavy minerals of 63-125 μm sand grains in samples e 01- 04 (an alternation of old 
dunes, coarse sand and sandy-loam layers in the lower part of Jinya loam) consisted of orthopyroxene, 
clinopyroxene, and hornblende, too (Fig.3.8). There were exposed rhyolite and dacite basements (Miocene) of 
Ohma marine terrace (Sumi et al., 1970), which had pyroxenes, hornblendes and volcanic glasses. Thus, it is 
possible that grains eroded from these rocks deposited in old dunes etc., then mixed in Jinya loam. 
Contents of E-BBS sample e13 and Esashi dune samples e19 (E-DS1), e35 (E-BS2), e39 (E-DS3), e40 (E-
BS4) sand grains were about 25% and 60-80% respectively. As for the heavy mineral components of 63-125 
μm sand grains, clinopyroxene predominated and was followed by orthopyroxene, hornblende, which was 
equal to samples e 01- 04 (Fig.3.8). It is also possible that grains of old dunes etc. in the lower part of Jinya 
loam contributed to forming E-BBS and Esashi dunes (BS, DS). Concerning the volcanic glass in light minerals 
(Fig.3.9), it was assumed that sample e40 included volcanic glasses which had mixed in from sample e41 
(Komagadake-d tephra: Ko-d, 1640AD), and others were influenced by Komagadake-g, f (Ko-g ca.5.7ka, Ko-
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f ca.2.7ka, Katsui et al., 1989). 
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Fig.3.8 Mineral composition (63-125μm) in Esashi 1. (from Tanino et al., 2003) Components of 
heavy minerals. Numerals show sample numbers in Fig.2.9c. 
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Fig.3.9 Mineral composition (63-125μm) in Esashi 2. (from Tanino et al., 2003) Content of the 
volcanic glass in light minerals (%) in Esashi. Numerals show sample numbers in Fig.2.9c.  
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3.4 Conclusion  
The results of experiments and observations in Chapter 3 are summarized in Table3.7. The physicochemical 
properties and the structure of each dune were made clear as follows: 
Esashi dunes consisted of sands and silt-clay particles including weathered tephric materials, which 
indicates that they had some origins. Because the silt-clay contents decreased gradually from the bottom (about 
35%) to the top (10–20%) of the sequence, it is evident that their particles were mainly provided in the early 
stage of forming dunes. From common points relating to the clay/silt ratio, color properties and weathered 
tephric materials, it is inferred that silt-clay particles were derived from Jinya loam. On the other hand, mineral 
compositions of dune sands were similar to coarse sands (old dunes etc.) in the lower part of Jinya loam, so 
they are regarded as one of the origins of dune sands. It was the most distinctive in Esashi dunes that TC was 
more than 1% and the humic acid was type A except the upper part of dunes. In particular, these properties 
were remarkable in E-BS layers. They could be compared with the criteria of Andic Horizon and Melanic 
Horizon by WRB (FAO, 2014) in Table 3.8. What meet both criteria are Andosols, so called Kuroboku soils 
(Fig.3.10).  
 
Fig.3.10 WRB criteria for Andosol 
* The hue range is from 7.5 YR to 10YR. 
** Weighted average TC content of master horizon ≥ 6%, sub horizon ≥ 4%. 
 
The central concept of Andosols (Kuroboku soils) is that of black humic soil developing in volcanic ejecta or 
glasses under almost any climate except under hyperarid climate conditions. Rapid weathering of porous 
volcanic ejecta or glasses encourages formation of active aluminum, active iron and so on, which results in 
accumulation of refractory Al-humus complexes and Iron-humus complexes combined with humus from 
vegetation (FAO, 2014; Japanese Society of Pedology, 2002; Soil Survey Staff, 1999). E-BBS, for a reference 
in Table 3.8, was an Andosol because it met all the criteria. While E-BS1 and E-BS2 met all the criteria except 
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their clay contents were not ≥10%, they were not Andosols. They had higher sand contents, but it is obvious 
that they shared Andosols with many chemical and humic properties. These properties in the upper part of 
dunes concluding E-BS3 and E-BS4 were more ambiguous. It is assumed that the causes are the influences by 
pyroclastic fall deposits pyroclastic such as Ko-d and the shortness of pedogenesis period. 
Shiriyazaki dunes, except S-DS1, consisted of sands and silt-clay particles including weathered tephric 
materials, which indicates that they had some origins. The silt-clay contents decreased gradually from the 
bottom (about 40%) to the top (10–15%), except S-DS1, and the decreases are accompanied by 
decreases in both pH(NaF) and in a*b* after H2O2 treatment. From common points relating to the 
clay/silt ratio, color properties and tephric materials, it is inferred that silt-clay particles were derived from 
Shiriyazaki loam. In contrast, S-DS1 was composed of coarse sands and thus had a single origin, which 
suggests that it developed by a different process from S-DS2–5. From common points relating to the 
distribution of sands, color properties and its little humus, it is inferred to be a type of coastal dunes. It was the 
most distinctive in Shiriyazaki dunes that TC was more than 1% and the humic acid was type A except S-DS1 
and the upper part of dunes. In particular, these properties were remarkable in S-BS layers. They could be 
compared with the WRB criteria in Table 3.8 as well as Esashi dunes. S-BS1 was an Andosol because it met 
all the criteria, as did S-BBS. While S-BS2 and S-BS3 met all the criteria except their clay contents were not 
≥10%, they were not Andosols. They had higher sand contents, but it is obvious that they shared Andosols with 
many chemical and humic properties. Also S-BS4 in the top of the dunes, which had the least silt-clay particles 
and the shorter pedogenesis period, did not greatly deviate from WRB criteria. 
Isozaki-Ajigaura dunes consisted of sands and silt-clay particles including weathered tephric materials in 
A-4 and I-1. From common points relating to the clay/silt ratio, color properties and tephric materials, it is 
inferred that silt-clay particles were derived from Kanto loam. Besides, from the sand grains distribution, it is 
inferred that sands in A-4 (DS) were derived from Kanto loam and those in I-1(DS, BS) were from Kanto loam 
and Miwa Formation. In contrast, DS in A-1,2,3 were almost composed of sands. From the sand grains 
distribution, it is inferred that their sands were derived from Kanto loam and Miwa Formation. Sands from 
Kanto loam were slightly prevail in A-1,3 (DS), and those from Miwa Formation were slightly prevail in A-2 
(DS). These results suggest that sands deposited with silt-clay particles mixed in A-4 (DS) and I-1(DS, BS) 
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while sands deposited without silt-clay particles in A-1,2,3 (DS). DS in A-4 and BS in I-1 could be compared 
with the WRB criteria in Table 3.8. A-BBS, for a reference, was not an Andosol because its clay content were 
not ≥10% although it met most of the criteria. DS, BS in A-4 and I-1 did not meet TC ≥ 4 %, let alone clay 
content ≥10%. It is assumed that the causes are mainly the shortness of pedogenesis period and the much less 
silt-clay particles. But still they shared Andosols with some chemical and humic properties. 
Kashima dunes consisted of sands and silt-clay particles including weathered tephric materials in K-1 and 
K-2. From common points relating to color properties and tephric materials, it is inferred that silt-clay particles 
were derived from Kanto loam. Besides, from the sand grains distribution, it is inferred that sands in K-1,2 
(DS) were derived from Kanto loam and Narita Formation. In contrast, DS in K-3,6 were almost composed of 
sands. From the sand grains distribution, it is inferred that sands in K-3,6 (DS) were derived from Kanto loam 
and Narita Formation. These results suggest that sands deposited with silt-clay particles mixed in K-1,2 (DS) 
while sands deposited without silt-clay particles in K-3,6 (DS). DS in K-1,2 could be compared with the WRB 
criteria in Table 3.8, too. Even DS in K-2 and the lower part of K-1 met only the criteria pH(NaF) ≥ 9.5 and 
the humic acid was non-type A. Still, their TC reached 1%. It is assumed that the causes are mainly the 
shortness of pedogenesis period and the much less silt-clay particles as well as Isozaki-Ajigaura. 
Based on the above, it is concluded as follows: Firstly, in the case that loam layers including a large amount 
of sand grains, or loam layers and sediments consisted of sands and gravels, are eroded and reworked, the grain 
size distributions of aeolian deposits (dunes) reveal a bimodal spectrum with a distinct sand peak and a gentle 
silt-clay peak. Such layers or sediments are characterized by physicochemical properties similar to those of 
Andosols (Kuroboku soils) due to humus accumulation enhanced by the presence of active aluminum in the 
admixed weathered tephric materials, which are the silt-clay particles derived from loam deposits. They are 
likely to remarkable in BS layers. Secondly, in the case that sediments consisted of sands and gravels or sand 
grains after removing silt-clay particles in loam layers are eroded and reworked, the grain size distributions of 
aeolian deposits (dunes) are unimodal. Their mode accorded to those of the origins and the amount of humus 
accumulation is small. 
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Chapter 4 Forming process and environment of the blowouts and dunes 
    
4.1 Forming process of blowout and dune landforms  
 
4.1.1 Esashi and Shiriyazaki 
Shiriyazaki dunes have been developing on the largest scale among the four studied areas, so the wind of 
forming features could be identified easily. Shiriyazaki dunes were located on the terrace of 15-20m a.s.l 
although Shiriyazaki coast was rocky because of exposed Shiriya Group and poorly developed beach, and 
many blowouts were located in front of dunes. The wind of forming features was inferred as west-northwest 
winds from the opening direction of the blowouts and dune forms, which was corresponded with the wind 
direction of strong winter monsoon at present. The dunes, except S-DS1, were constituted with both silt-clay 
particles including weathered tephric materials and sands, which are inferred to have been derived from the 
Shiriyazaki loam and the Tanabu marine terrace deposits, respectively. These findings suggest that the dunes 
have been eroded from the top of the coastal cliff on the western side of the terrace and reworked by the 
prevailing west-northwest winds (Fig. 4.1). On the other side, S-DS1 consisted of coarse sand alone was 
inferred to be a type of coastal dunes. The formation period of S-DS1 (Fig.4.2) was between 8350 ± 165 yrsBP 
(the latter formation age of S-BBS layer) and 6690 ± 100 yrsBP (the early formation age of S-BS1), which 
corresponded to the regression period after the Jomon Transgression (Fukuzawa,1998; Kato et al.,1999). In 
those days, sea level was higher than the present by maximum 10 meters in the Tanabe River basin, which is 
25 km southwest from Shiriyazaki (Ohya & Ichinose, 1958). When assuming the same situation in Shiriyazaki, 
the sea level was nearly the same with the terrace surface and the wave erosion to Tanabu Marine Terrace 
deposits brought about more supply of sands to the beach. In early stage of regression, the beach could extend 
and coastal dunes could develop. But in latter stage of regression, the supply of sands could decrease and 
coastal dunes could stop developing. It is inferred that the wind erosion started then after and the material 
eroded from the top of the coastal cliff reworked based upon these small coastal dunes. 
Esashi dunes were located on the Ohma marine terrace of 50–65 m a.s.l. and isolated away from the beach, 
where beach sand supplies were restricted. The dunes were constituted with both silt-clay particles including 
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weathered tephric materials and sands, which are inferred to have been derived from the Jinya loam layers and 
coarse sand layers (old dunes etc.) contained within the loam, respectively. These findings suggest that they 
have been eroded and reworked (Fig. 4.1). In particular, it was considered that the loam mainly reworked in 
the early stage of forming dunes because the silt-clay content decreased gradually from the bottom to the top 
of the sequence. In contrast to Shiriyazaki dunes, the wind of forming features was not able to be identified 
easily because the forms of the dunes were not clear and no blowout was found. However, based on dunes 
location, it was plausible to infer the wind of forming features as the westerly prevailing winds, which 
corresponded with the strong winter monsoon at present as well as Shiriyazaki’s west-northwest winds. The 
dunes developed on the north side cliff of the Tazawa River mouth where westerly winds from Sea of Japan 
strongly blew into the Tazawa River valley, and moreover they shared many common points in chronological 
data with Shiriyazaki dunes (discussed in more detail in Chapter 4.2). 
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Fig.4.1 Process of dune formation (from Tanino et al., 2003) 
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4.1.2 Isozaki-Ajigawara and Kashima 
The Isozaki-Ajigaura dunes were located at the top of the 20-25 m height coastal cliff of Naka terrace. 
Isozaki coast was rocky because of exposed the Nakaminato Group, and Ajigaura had a narrow beach at the 
bottom of the cliff, but no beach sands blew up on the terrace. Isozaki dunes were indistinct hills and Ajigaura 
dunes were parabolic with blowouts in front of the dunes. From the opening direction of blowouts and dune 
forms, the wind of forming features was considered as northeasterly winds, which corresponded with the strong 
northeasterly winds caused by strong low pressures (including the typhoon) passing in the south during autumn, 
winter and spring at present. There were two dune types in this area. The first type was constituted with both 
silt-clay particles including weathered tephric materials and sands, which are inferred to have been derived 
from the Kanto loam and Miwa formation. The second one consisted of sands, which are inferred to have been 
derived from the Kanto loam and Miwa formation judging from their grain characteristic. These findings 
suggest that materials of both type dunes have been eroded from the top of the coastal cliff and reworked by 
the prevailing winds (Fig. 4.1). However the formation ages of the two types of dunes were different. The 
formation of the first type dunes, which distributed near the top of the cliff and having a relatively indistinct 
form, started after 2790 ± 20 yrsBP. Such dunes were often used as mounded tombs ‘Kofun’ during the Tumulus 
period in Kanto (around the sixth century). In contrast, the second type was a distinct parabolic dune that started 
to form and moved inland around 1200 ± 20 yrsBP (Fig.4.2) and probably terminated around 890 ± 20 yrsBP. 
These facts suggest that there were at least two periods of wind erosion in Isozaki-Ajigaura. In the first period, 
the Kanto loam and the part of Miwa formation were eroded and reworked into the first type dunes. In the 
second period, Miwa formation and the rest of Kanto loam, most of which were sands after removing the Kanto 
loam in the first period, were eroded and reworked into the second type dunes. It is inferred that the second 
type dunes could move smoothly and quickly because they mostly consisted of sands.  
To understand the progress of forming the first type dunes, the mechanism of clay dunes formation such as 
Lunettes in Australia mentioned in Chapter 1.1.3 is informative; the silt and clay deposits crack with mud curls 
developing during dry seasons, and efflorescence of salts and mechanical disintegration of the mud curls 
produce pellets (aggregates of silt and clay), which are easily moved in saltation but are too weak to migrate 
far from their source. Moreover, sands in clay dunes would encourage the saltation of the pellets and help the 
124 
 
formation of internal bedding structures (Huffman & price, 1949; Greeley & Iversen, 1985; Pye & Tsoar, 2009). 
The clay content generally ranges from 23 to 77% by weight in clay dunes. While, the clay content of the dunes 
on the terraces in this paper was around 10% at most and, instead, their silt content was as much as 30% in 
some cases. Concerning loam as the source of such silt/clay particles, however, Miyazawa (1965) indicated 
that very stable aggregates were produced with silt particles in loam by cementation of allophane, which could 
be destroyed by physical means such as ultrasonication. Takenaka (1968) also indicated the vulnerability of 
Kanto loam against wind erosion, especially in the dry condition of winter season, due to the small bulk density 
of Kanto loam : 0.5 (the void ratio 80%), which was much smaller than the value 1.0 of Non-trass’ (the void 
ratio 50%), and the crumb structure of the top layer having a weaker cohesion between aggregates. From these 
studies, it is assumed that aggregates in dry loam layers are easy to be picked up by winds and move in 
salutation with sand grains. The sand grains eroded from loam layers and marine terrace deposits could 
encourage saltation. But the cohesion of the aggregates would be too weak to migrate far from blowouts. This 
could be the reason to explain the formation of the first type dunes, which were indistinct and located near the 
edge of blowouts. In contrast, the second type of dune was a distinct parabolic dune, which could move inland. 
Moreover, the further the parabolic dunes move, the more the sands from Miwa formation were occupied than 
the sands from Kanto loam because of sorting by wind (Table 3.5). 
Takamagahara dunes in Kashima lied atop on a 30-m-high Jyousou terrace. They were on the south edge 
of Takamagahara depression (the largest blowout in the areas studied), which had Suenashi Creek, north-
northeastward flowing stream and a small alluvial fan with a beach on the coastal lowland. No beach sands 
blew up on the terrace here. The winds of forming features were north- northeastern winds, which blew into 
the narrow valley of Suenashi Creek in the early stage and made it into a large blowout. The north- northeastern 
winds are strong prevailing winds at present too, which blow under the same weather condition as the 
northeasterly winds in Isozaki-Ajigaura. Takamagahara dunes also had not only dunes that consisted of both 
silt-clay particles including weathered tephric materials and sands derived from Kanto loam and Narita 
formation, but dunes that consisted of only sands derived from Kanto loam and Narita formation. However it 
is inferred that these are different from two types in Isozaki-Ajigaura, because the characteristics of 
Takamagahara dunes depended on their formation places; the former was located where the materials were 
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reworked, and the latter was located in the most edge of the blowout where Kanto loam was eroded. The 
formation age of Takamagahara dunes are not clear and few finding was obtained about its age except that they 
were on the Kanto loam. Many coastal dunes were formed on the terrace in the south from Takamagahara and 
older dunes are assumed to have been covered with the coastal dunes. At Junigami in the south end of Jyousou 
terrace, winds started to erode parts of Kanto loam and blow up sands on the terrace around 2830 ± 25 yrsBP. 
Thus, an alternation of thin sand layers from the beach and from Kanto loam was made on the terrace in the 
early stage and after that, the sand from the beach exclusively deposited. These facts show that the periods of 
wind erosion had relevance to the formation ages of coastal dunes. Tada (1971) classified the coastal dunes in 
Kashima into three periods (old, middle, young), and the middle coastal dunes had NE strike while the old 
coastal dunes had NW. But their formation ages were not clear. Moreover, the relation between the formation 
age of Takamagahara dunes and the situation at Junigami is not obvious. It is quite possible that the periods of 
wind erosion in Kashima were the same as those in Isozaki-Ajigaura, because the onset period of the winds to 
erode at Junigami accorded with the formation age of the first type dunes in Isozaki-Ajigaura. As the distance 
between Isozaki-Ajigaura and Kashima is approximately 50 km, it is reasonable to suggest the same wind 
related to form the land features in the two areas.  However, further chronological data is required for 
discussion.  
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4.2 Environment of blowouts and dunes derived from wind erosion in Holocene 
 
4.2.1 Northern Sea of Japan Coast 
The Esashi and Shiriyazaki dunes are geographically close together and both were formed by west-
northwesterly winds. The dunes had many correspondences in the chronological data regardless of sites. Thus, 
it is considered that the dunes in both areas developed under the same climatic regime, where the prevailing 
west-northwesterly winds from the Siberian high pressure system (Takaya & Nakamura, 2007) performed more 
effectively; E-BBS was formed around 8500-5100 yrsBP and S-BBS was also formed around 8400 yrsBP (Fig 
4.2). But S-BBS was covered with S-DS1 (coastal dune) and followed by formation of S-BS1 from 6700 yrsBP 
to around 5200 yrsBP. The alternation of the strata made of the thin sand layers and humus layers in S-BS1 
shows the instability of climate in those days. Afterwards, both E-DS1 and S-DS2 were formed. But the 
formations of those dunes were interrupted around 2300 yrsBP. After E-BS1 and S-BS2 were formed, dunes 
restarted to form E-DS2 and S-DS3. In Esashi, E-BS2 was formed around 1900 yrsBP, and after the fall of B-
Tm tephra, both E-BS3 and S-BS3 around 1000 yrsBP in Esashi and Shiriyazaki respectively. Afterwards, 
dunes restarted to form E-DS3 and S-DS4. In Esashi, E-BS4 was formed around 375 yrsBP and followed by 
formation of E-DS4. In Shiriyazaki, S-DS4 was formed around 220 yrsBP and followed by formation of S-
DS5. 
The development of E-DS3 dune is notable. E-DS3 developed in thickness of 15 meters in 700 years, while 
Esashi dunes reached only 7 m high in 4000 years from the formation of E-DS1 to E-BS3. E-DS4 also 
developed in thickness of 5 meters in 400 years. In Shiriyazaki, S-DS4 developed in thickness of 3 meters in 
800 years, while Shiriyazaki dunes reached only 4 m high in 5500 years from the formation of S-BS1 to S-
BS3. S-DS5 also developed in thickness of 1 meters in 200 years. Naruse (1989) pointed out that Japanese 
coastal dunes had a tendency of increasing in size by artificial topography changes in historical period, which 
could have also happened to Esashi and Shiriyazaki dunes. For example, Okamoto et al. (2000) reported that 
iron manufacture started on a large scale 1000 years ago in the Shimokita Peninsula by destroying vegetation, 
deforesting, and deforming topography. It is consistent with the fact that charcoal was observed in S-DS5. On 
the other hand, questions remain regarding whether the circumstance is the same for E-DS3 in Esashi dunes 
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that were located at the edge of 50–65 m high coastal cliff. It seems that Wajin (Japanese from Honshu) settled 
down in Esashi around 1000 years ago and their activities caused the felling of Japanese cypresses since 16th 
century (Hokkaido Government Hiyama Sub-prefectural Bureau, 2003), which was accord with the period of 
forming E-DS4. Thus, it is considered that the increase in size of E-DS3 was affected by not only artificial 
modification but also climatic factors. 
The environments of forming dunes before E-DS3 and S-DS4, which are assumed to have had less 
anthropogenic impacts, could be considered as the reflection of climate changes and the influence of sea-level 
changes, although sea-level changes do not have much effect on dunes derived from wind erosion as directly 
as on coastal dunes (Fig.4.2). Fukusawa (1998) and Kato (1999) reported that after abrupt relative sea-level 
rise (Jomon/Holocene Transgression) around 8900 cal yrsBP, the fall of relative sea-level occurred as; around 
8200-7800 (8.2ka event), 6800-6000, 5800-5200, 4500-3600 (Middle Jomon little regression), 3000-2800, 
2000-1900 (Yayoi little regression), 1300 (Kofun little regression), and 500 cal yrsBP in western Japan. 
Matsumoto (1984) reported the regressions in the Shimokita Peninsula as; around 4500-3000, 2200, 600 yrsBP. 
In areas along the Okhotsk Sea, Hokkaido, Hirai (1987) reported the regression around 4500 yrsBP, the 
transgression around 950 yrsBP, and the regression around 300 yrsBP. Furthermore, Matsushima (2010) 
mentioned the warming periods in the sea along the Okhotsk coast based on the distribution of molluscs as; 
around 7200-5000, 4200-3200, 2500-2300, and 1000-900 yrsBP. And Sakaguchi (1983) indicated the warm 
period of 7900-4600, the cold period of 4600-4400, the warm period of 4400-3400, the transitional period of 
3400-3100, the cold period of 3100-2600, the warm period of 2600-2100, the transitional period of 2100-1750, 
the cold period of 1750-1300, the warm period of 1300-700, the cold period of 700-100 cal yrsBP based on 
pollen analysis in the central Honshu. However, it is noticeable that Ota et al. (1990) suggested the periods of 
relative sea-level changes were not always correspondent with the periods of climate changes, and the 
possibilities of local or regional differences. As an example, they pointed out the fact that it was the warmer 
period on land, contrary to the lower temperature in the shallow sea during Yayoi little regression. 
From the above studies, it is certain that E-BBS and S-BBS were forming under the warm climate during 
Jomon (Holocene) Transgression. The forming of E-BBS continued for more than 3000 years regardless of 
sea-level changes because of its location, but the forming of S-BBS was interrupted by formation of coastal 
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dunes S-DS1. Although the formation period of S-DS1 is unknown, the sea-level is inferred to have been higher 
than the present. After the formation of S-BS1 under the instability of climate changes, E-DS1 and S-DS2 were 
formed in the Middle Jomon little regression, which suggests dunes from wind erosion in Esashi and 
Shiriyazaki were formed under cooler climate after Hypsithermal interval. The activities of northwesterly 
monsoon from the Siberian high pressure system are closely relevant to the cooler climate (Takaya & 
Nakamura, 2007). Similarly, E-DS2 and S-DS3 are inferred to be formed under the cooler climate. To the 
contrary, the formations of Black Sand show the pause or the slowdown of dune formation forced by wind 
erosion. It is certain that E-BS3 and S-BS3 were formed during the transgression under the warmer climate 
(Sakaguchi, 1983; Hirai, 1987; Matsushima, 2010), which is correspondent to the Medieval Warm Period in 
Europe (Hughes & Diaz, 1994; IPCC, 2007; Tagami, 2017). Thus it is inferred that E-BS1 and S-BS2 were 
formed under the warmer climatic environment similar to E-BS3 and S-BS3. 
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4.2.2 Eastern Japan Pacific coast 
The Isozaki-Ajigaura and Takamagahara dunes are also geographically close together and both sets of 
dunes were formed by northeasterly winds. The formation age of the Takamagahara dunes is unknown, but it 
is quite possible that they developed under the same climatic regime as the Isozaki-Ajigaura dunes. The 
northeasterly winds prevail through four seasons in Isozaki-Ajigaura and Kashima currently. However 
northeasterly winds in summer at the Pacific coast in northeastern Japan from the Okhotsk high pressure system, 
so called “Yamase”, were weaker than ones in other seasons by the current data at the Isozaki lighthouse. The 
strong northeasterly winds, are mainly caused by strong low pressures passing in the south, such as a southern 
coastal low and a typhoon, during autumn, winter and spring. Moreover Kanto loam could be easily forced to 
wind erosion in the dry weather of winter season. There were two periods of wind erosion in Isozaki-Ajigaura; 
the first was the period after 2800 yrsBP and the second was between 1200 yrsBP and 900 yrsBP. The first 
period might correspond to one of the period of Bond events when the climate suddenly recovered from the 
peak of cooling around 2800 yrsBP (Fukusawa, 1998; Kato, 1999), but it is uncertain. On the other hand, it is 
certain that the second period corresponded to Medieval Warm Period in Europe. The annual mean temperature 
in the second period, so-called Heian warm period in Japan, was about the same or slightly higher than present, 
which was subdivided into two periods with a cooler pause (Sakaguchi, 1993; Fukusawa, 1995; Yamada et al., 
2010). Maejima & Tagami (1982) represented a diagram on the changing of kinds of natural disasters in 
districts based on the data of historical documents in Japan, which was revised by Sakaguchi (1993) (Fig.4.3). 
Sakaguchi (1993) pointed out that records of the heavy snow increased around Kanto, Chubu (including Mie 
prefecture), and Kinki districts in the 11th century which corresponded with a cooler pause during this warm 
period and also referred to the activities of southern coastal low. It is known that southern coastal low often 
brings heavy snowfalls in Kanto (Araki, 2016). These conditions may represent the environments in the second 
period of wind erosion. Thus, it is inferred that wind erosions in this period were caused by northeasterly winds 
with low pressures including southern coastal low increasing in activity under the unstable climate, which was 
cool temporarily in spite of the warm period. The two periods of wind erosion responsible for the formation of 
dunes, after 2800 yrsBP and 7-11th century, could be under the same unstable climate. But these are 
possibilities. Still, there remains a question about the moisture. Generally, strong low pressures and typhoons 
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are accompanied by rainfalls or snowfalls. They increase moisture contents in soils, which are inclined to 
prevent particles from moving. Wind erosion may perform during the time lag between the starting time of 
strong winds and that of rainfalls or snowfalls. Including this question, further data of wind erosion 
environments is required for discussion.  
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Fig.4.3 Changing of kinds of Natural Disasters in district (from Sakaguchi, 1993) 
 1. Droughts  2. Storms by typhoon  3.Heavy rain, Long rain   4.Heavy snowfalls  5.Others 
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Chapter 5 Conclusion 
 
This study aimed to elucidate the forming processes of wind erosion ‘blowouts’ in a mild and humid climate 
zone and the genesis of reworked deposits ‘dunes’ as well. For this purpose, we examined geomorphological 
features of blowouts and dunes on coastal cliffs and physicochemical properties of dunes in the landforms 
located in Esashi and Shiriyazaki areas, northern Japan and Isozaki-Ajigaura and Kashima areas, eastern Japan. 
Then our discussions were extended on the forming process, environment and the common conditions of the 
blowouts and dunes. The results and discussions are summarized as follows. 
 
Geomorphological features of the blowouts and dunes (Chapter 2) 
Basically, the blowouts and dunes had an orthogonal position to the prevailing wind, which were located 
on a 50 m high coastal cliff formed at the seaward edge of the MIS 7 terrace in Esashi, and on 15-20 m, 20-25 
m, 30 m high coastal cliffs of the MIS 5e terrace in Shiriyazaki, Isozaki-Ajigaura and Kashima, respectively. 
Each terrace deposits consisted of marine sands and gravels, covered with loam. There were aeolian features 
at the top of these coastal cliffs. Blowouts developed at the head of the cliffs and dunes were distributed behind 
them on the terrace in Shiriyazaki, Ajigaura and Kashima. While, dunes but no blowouts were found in Esashi 
and Isozaki. The maximum blowout was the Takamagahara depression (800 m long, 250 m wide, >5 m deep) 
in Kashima which comprised a small creek. Dune morphologies were characterized by parabolic dunes facing 
WNW and longitudinal (seif) dunes extending from WNW to ESE in Shiriyazaki. The maximum height of the 
dunes was 15 m and covered a relatively wide area. Esashi dunes extended along the edge of the coastal cliff 
like transverse dunes with a NW–SE orientation. They were maximum 25 m high, but their distributions were 
limited. The parabolic dunes with a maximum height of 10m in Ajigaura and Kashima were facing NE and 
NNE, respectively. The data of present prevailing winds were in accord with the winds which formed aeolian 
landforms; the northwesterly winds of the winter monsoons in Esashi and Shiriyazaki, and the northeasterly 
winds mainly caused by strong low pressures (including the typhoon) passing in the southern region of Isozaki-
Ajigaura and Kashima.  
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Physicochemical properties of the Aeolian landforms (Chapter 3)  
The presence of active aluminum was detected in all loam samples and BBSs, and in most Esashi and 
Shiriyazaki dune samples (except S-DS1) and in some Isozaki-Ajigaura and Takamagahara (Kashima) dune 
samples, indicating the admixture of tephric materials.  
The bimodal grain size distributions of the Esashi and Shiriyazaki dune samples (except S-DS1) with a 
distinct sand peak and a gentle silt-clay peak, indicated that grains of dunes originated from multiple sources. 
Both Jinya and Shiriyazaki loams consisted mainly of silt and clay particles. Each clay/silt ratio was constant 
in loam and dunes (Esashi, around 0.25; Shiriyazaki, around 0.42). Shiriyazaki Dune samples (S-DS1) were 
unimodal with a single sand peak and similar to beach sands. Grain size distributions in some of Isozaki-
Ajigaura dunes and Kashima samples were bimodal with a distinct sand peak and a gentle silt-clay peak, but 
the others had unimodal sand peak, which indicated that there were two kinds of dunes. Both Miwa and Narita 
formations consisted mainly of sands, and Kanto loam consisted of silt, clay and sands. In terms of grain size 
distribution properties, the dunes sands showed correspondences to Miwa or Narita formations or to Kanto 
loam. The clay/silt ratio was constant (around 0.12) in Kanto loam and some of the Isozaki-Ajigaura dunes. 
The total carbon content (TC%) of the Esashi, Shiriyazaki dune samples (except S-DS1) and some Isozaki-
Ajigaura dune samples were TC ≥ 1%. In particular, TC were 2.4 -5.7 % in the Esashi Black Sand (BS) samples 
and 4.5 - 6.4 % in the Shiriyazaki BS samples. The MI, PI, and ΔlogK values indicated that the humic acid in 
the dunes (except the top layers and S-DS1) was type A, Andosols type. Some Takamagahara (Kashima) dune 
samples had TC ≥ 1%, but their humic acid in the dunes was non- type A.  
The L*a*b* color attributes of organic carbon-free samples showed that Esashi and Shiriyazaki dune 
samples (except S-DS1) and some Isozaki-Ajigaura and Takamagahara (Kashima) dune samples had the same 
yellowish hue as the loam. The values in the other samples in the Isozaki-Ajigaura and Takamagahara 
(Kashima) dune had similarity to the Miwa or Narita formation.  
The heavy mineral components of 63-125 μm sand grains in the Esashi dunes; predominance of 
clinopyroxene followed by orthopyroxene, hornblende, assigned the origin of the sand grains as the old dunes 
in the lower part of Jinya loam. 
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Forming process and environment of the Aeolian landforms (Chapter 4) 
The forming process and the involved environment were inferred for both northern and eastern Japan. The 
14 C dates obtained from the Black Soils were used to for chronological discussions. 
The particles of Esashi and Shiriyazaki dunes were from the upper coastal cliff compositions, which were 
eroded and reworked by west-northwesterly winter monsoon from the Siberian high pressure system. The 
origin of the silt-clay particles and sands of the dunes were from the loam and marine sediments or old dunes, 
respectively, except of the bottom layers of Shiriyazaki dunes (S-DS1), which were similar to low coastal dunes. 
The environment of dune formation before early modern period was assumed to have had less anthropogenic 
impacts. The Buried Black Soils (E-BBS, S-BBS) were formed during Hypsithermal interval around 8500 
yrsBP, which continued until 5000 yrsBP in Esashi, but suspended due to forming coastal dunes (S-DS1) and 
followed by the alternation of the strata made of thin sand and humus layers (S-BS1) in Shiriyazaki. The full-
scale dune formation started under the cooler climate during the Middle Jomon little regression, but temporarily 
interrupted around 2300 yrsBP, 1900 yrsBP (Esashi only), and 1000 yrsBP, and Black Sands (E-BS1-3, S-BS2-
3) were formed. The Black Sands in Esashi (E-BS3) and Shiriyazaki (S-BS3) were formed under the warmer 
climate in the Heian warm period (Medieval Warm Period in Europe). Thus wind erosions by west-
northwesterly monsoon are assumed to calm down during warm periods. 
The particles of Isozaki-Ajigaura and Takamagahara dunes were from the upper coastal cliff compositions, 
which were eroded and reworked by northeasterly winds caused under strong low pressures passing in the 
south (e.g. the southern coastal low and the typhoon) during autumn, winter and spring. Although the formation 
age of the Takamagahara dunes is unknown, it is plausible to consider that the dunes developed in the same 
climatic regime as the Isozaki-Ajigaura dunes because the two areas are close together. Since there were two 
dune types in Isozaki-Ajigaura, two wind erosion periods were suggested. In the first period, the Kanto loam 
and the part of Miwa formation were eroded and reworked into the first type dunes, which was constituted with 
both silt-clay particles and sands. The first could be the period when the climate suddenly recovered from the 
peak of cooling around 2800 yrsBP: the period equivalent to one of the Bond events. In the second period, 
Miwa formation and the rest of Kanto loam, most of which were sands after removing silt-clay particles in the 
first period, were eroded and reworked into the second type dunes which was almost constituted with sands. 
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The second period was between 1200 yrsBP and 900 yrsBP based on stratigraphic position, which corresponds 
to the Heian warm period (Medieval Warm Period in Europe). From records in historical documents, heavy 
snow increased around Kanto districts in the 11th century, and the fact that southern coastal low often brings 
heavy snowfalls in Kanto districts, it is inferred that the wind erosions occurred in a temporarily cooler period 
during the Heian warm period with low pressures passing in the south including southern coastal low activated 
under the unstable climate. 
 
        Conditions regulating the Aeolian erosion and dune properties  
The findings from field surveys and laboratory analyses suggested that all features of aeolian erosion were 
formed under some common conditions and the dunes have common physicochemical properties.  
As for geomorphological common conditions, the aeolian landforms were distributed at head of coastal 
cliffs (≥15 m high) of the terraces, which consist of marine sediments (sand and gravel) and loam. The coastal 
cliffs meeting at right angle to prevailing winds were located where winds were easy to converge such as on 
the contraposed shorelines or the mouth of the river. Blowouts at head of cliffs in the crooks of the contraposed 
shorelines were distinct. In particular, a dingle of the small creek running in the same direction of prevailing 
wind was inclined to form a blowout in a large scale. Behind blowouts, many dunes were situated on the 
uppermost terrace scarp.  
The physicochemical common properties of the dunes were clearly defined by the presence of tephric 
materials originated in silt-clay particles from loam. In the case that loam layers including a certain amount of 
sand grains or both loam layers and sediments consisted of sands and gravels were eroded and reworked, the 
grain size distributions of dunes were bimodal with a sand peak and a silt-clay peak. The bimodal samples 
were characterized by chemical properties with humus accumulation enhanced by the presence of active 
aluminum in the admixed weathered tephric materials, which were similar to those of Andosols (Kuroboku 
soils) and were likely to remarkable in Black Sand layers. 
 
Tephric-loess dunes – Proposal and perspectives  
Although ‘clay dunes’ have been reported around the world, dunes with the bimodal particle size 
distribution targeted in this study can be noted as ‘silt dune’ from the viewpoint of constituent particles. Since 
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it is known that the fine particles in the loam layer agglutinate to form an aggregate, it is considered that these 
particles behave like sand and have been subjected to wind erosion and deposited. The biggest feature of this 
dune is that the particulates contain weathered tephric materials, so that the whole dune, with Black Sand as 
its center, has soil properties resembled to Andosols. Since Japanese Loam in this study falls under the 
definition of ‘tephric loess’ of World reference base for soil resources (FAO, 2014), we propose that it is 
appropriate to refer to such dunes as ‘Tephric-loess dunes’.  
This study showed the forming process of wind erosion landforms, the blowouts and dunes on the coastal 
cliff tops, in humid temperate climate in northern and eastern Japan. Also, it is important that eroded and 
reworked materials include tephric loess, and tephric-loess dunes have distinctive physicochemical property. 
Loess has been attracting global attention and their main sources have been thought to be deserts and glacial 
outwash. But fallen volcanic ejecta areas could be the third source (Hayakawa, 1995; Suzuki, 1995). From 
these points of view, we need to discuss anew the importance of tephric loess in areas where many volcanoes 
have been in activity, such as Japan and New Zealand. This is the reason why studies on reworked deposits of 
tephric loess are significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
138 
 
Reference 
Amano, Y., 1983. Andisol teian to nihon no kazambaido (Andisol proposal and volcanic ash soil in Japan). In: 
Japanese Society of Soil Science and Plant Nutrition (Eds). Kazambaido –seisei, seishitsu, bunrui- (Volcanic 
Ash Soil -Genesis, Characteristics and Classification-). Hakuyusya, Tokyo, pp187-203 (in Japanese).   
Aomori Higashidoori village Board of Education., 1995. Archaeological excavation reports with Higashidoori 
village’s history editing. Higashidoori village, Aomori, Japan (in Japanese). 
Arai, F., Machida, H., Okumura, K., Miyauchi, T., Soda, T., Yamagata, K., 1986. Catalog for late Quaternary 
marker-tephras in JapanⅡ–tephras occurring in northeast Honshu and Hokkaido–. Geographical Reports of 
Tokyo Metropolitan University 21,223-250.  
Araki, K., 2016. Influence of Cloud Microphysics Scheme and Ice Nuclei on Forecasting a Heavy Snowfall 
Event in Japan associated with the “South-Coast Cyclones”. CAS/JSC WGNE Research Activities in 
Atmospheric and Oceanic Modelling, 46. 4.03-4.04.  
http://www.wcrp-climate.org/WGNE/BlueBook/2016/individual-
articles/04_Araki_Kentaro_CloudMicrophysicsSensitivity.pdf  Accessed 9 November, 2017. 
Bagnold, R. A., 1933. A further journey through the Libyan Desert. Geographical Journal 82,103-129. 
Bagnold, R. A., 1941. The Physics of Blown Sand and Desert Dunes. Methuen, London, 265pp. 
Belly, P. Y., 1964. Sand Movement by Wind. Technical Memorandum 1, US Army Corps of Engineers, Coastal 
Engineering Research Center, 80pp. 
Benny, L. A., Kennedy, N. M., Kirkman, J. H., Stewart, R. B., 1988. Mineralogical and textural discrimination 
of loess derived from a tephra near Rotorua, New Zealand. Australian Journal of Soil Research 26, 301-312. 
Bowler, J.M., 1973. Clay dunes: their occurrence, formation and environmental significance. Earth Science 
Reviews 9, 315-338. 
Breed, C. S., Grow, T., 1979. Morphology and distribution of dunes in sand seas observed by remote sensing. 
In: Mckee, E.D. (Eds), A Study of Global Sand Seas. Professional Paper. US Geological Survey Professional 
Paper 1052, pp253-304. 
Bristow, C. S., Bailey, S. D., Lancaster, N., 2000. Sedimentary structure of linear sand dunes. Nature 406, 56-
59. 
139 
 
Bullard, J.E., Livingstone, I., 2009. Dust. In: Parsons, A. J., Abrahams, A. D. (Eds), Geomorphology of Desert 
Environments, 2nd ed. Springer, Netherlands, pp629-654. 
Chepil, W. S., 1957. Sedimentary characteristics of dust storms: I. Sorting of wind-eroded soil material. 
American Journal of Science 225, 12-22. 
Climate-data.org, 2017. https://ja.climate-data.org/location/5523/  Accessed 18 April, 2017. 
Cornelis, W. M., Gabriels, D., Hartmann, R., 2004. A Parameterisation for the Threshold Shear Velocity to 
Initiate Deflation of Dry and Wet Sediment. Geomorphology 59, 43-51. 
Dixon, J.C., 2009. Aridic Soils, Patterned Ground, and Desert Pavements. In: Parsons, A.J., Abrahams, A.D. 
(Eds), Geomorphology of Desert Environments, 2nd ed. Springer, Netherlands, pp101-151. 
Eden, D. N., Hammond, A. P., 2003. Dust accumulation in New Zealand region since the last glacial maximum. 
Quaternary Science Reviews 22, 2037-2052. 
Endo, K., 1986. Coastal Sand Dunes in Japan. Proceedings of the Institute of Natural Sciences 21, 37-54. 
Endo, K., 2015. ‘Chuseki-so’ in Japan -Latest Layer Bridging the Past and the Future-. Fuzambo International, 
Tokyo (in Japanese).  
Endo, K., Suzuki, M., 1980. Stratigraphy of Tachikawa-Musashino Loam Formation and the Volcanic Glass-
bearing Horizons. Archaeology and Natural Science 13, 19-30 (in Japanese with English abstract). 
Endo, K., Yan, S., Kanemaki, M., Sohma, H., Mu, G. 1997. Evolution of Paleoenvironments in Tarim Basin –
Focussed on the development of Taklimakan Desert-. Journal of Geography 106, 145-155 (in Japanese with 
English abstract). 
Food and Agriculture Organization of the United Nations. 2014. World reference base for soil resources 2014. 
World Soil Resources Reports 106. http://www.fao.org/3/a-i3794e.pdf Accessed 13 September, 2017. 
Fryberger, S. G., 1979. Dune forms and wind regimes. In: Mckee, E.D. (Eds), A Study of Global Sand Seas. 
Professional Paper. US Geological Survey Professional Paper 1052, pp137-140. 
Fujii, S., 1992. A study on Climatic Aspects and Surface Wind Systems in Hokkaido. The Hokkaido General 
Education review of Komazawa University 7, 82-91 (in Japanese). 
Fukusawa, H., Koizumi, I., Okamura, M., Yasuda, Y., 1995. Last 2,000 Year Records of Eolian Dust 
Concentration Sea-level and Precipitation Changes in Fine-grained Sediment of Lake Suigetsu, Central Japan. 
140 
 
Journal of Geography 104, 69-81(in Japanese with English abstract). 
Fukusawa, H., 1998. Hyougaki ikou no nen-nen hendou wo yomu (Reconstruction of climate and sea-level 
changes since the last glacial from varved lacustrine sediments). Science Journal Kagaku 68, 353-360 (in 
Japanese). 
Ganzawa, Y., Yanai, S., Yahata, M., Mizoya, C., 1994. The long-range eolian deposits formed during the late 
Pleistocene in south-western Hokkaido to northern Tohoku region in Japan. The Journal of the Geological 
Society of Japan 100, 951-965 (in Japanese with English abstract). 
GES DISC- Goddard Earth Sciences Data and Information Services Center, 2015. Geomorphology from Space, 
Chapter 8: Eolian Landforms. http://disc.sci.gsfc.nasa.gov/geomorphology/GEO_8  Accessed 16 January, 
2016. 
Goudie, A. S., 1999. Wind erosional landforms; yardangs and pans. In: Goudie, A. S., Livingstone, I., Stokes, 
S. (Eds), Aeolian Environments, Sediments and Landforms. John Wiley & Sons, Inc. Chichester, pp167-180. 
Goudie, A. S., 2007. Mega- Yardangs. Geography Compass 1, 65-81. 
Greeley, R., Iversen, J. D., 1985. Cambridge planetary science series 4, Wind as a geological process on Earth, 
Mars, Venus and Titan. Cambridge university press, U.K. 
GSI- The Geospatial Information Authority of Japan. 2002. Denshikokudo Web System. 
http://maps.gsi.go.jp/?ll=41.905587077154,140.15140667464&z=15#15/41.905615/140.151386/&base=std
&ls=std&disp=1&vs=c1j0l0u0f0 Accessed 16 August, 2016. 
Hack, J. T., 1941. Dunes of the western Navajo country. Geographical Review 31, 240-263. 
Hayakawa, Y., 1995. Characteristics of Japanese Loam, and its Eolian Origin. Bulletin of the Volcanological 
Society of Japan 40, 177-190 (in Japanese with English abstract). 
Hayakawa, Y., Koyama, M., 1998. Dates of two major eruptions from Towada and Baitoushan in the 10th 
century. Bulletin of Volcanological.Society of Japan 43, 403-407 (in Japanese). 
Higashidoori village, 2017. http://www.vill.higashidoori.lg.jp/keiki/page000003.html Accessed 13 August, 
2017. 
Hills, E. S., 1940. The Lunette, a new land form of Aeolian origin. Australian Geographer 3, 15-21. 
Hirai, Y., 1987. Lacustrine and Sublacustrine Microforms and Deposits near the Shoreline of Lake Saroma and 
141 
 
the Sea Level Changes in the Sea of Okhotsk in Late Holocene. Annals of the Tohoku Geographical 
Association 39, 1-15. 
Hokkaido Government Hiyama Subprefectural Bureau, 2003. 
http://www.hiyama.pref.hokkaido.lg.jp/ss/rnm/midori/hunokiasunaro/hinokiasunarorekisi.pdf  Accessed 13 
October, 2017. 
Holliday, V. T., 1997. Origin and Evolution of Lunettes on the High Plains of Texas and New Mexico. 
Quaternary research 47, 54-69. 
Hosono, M., Oba, Y., Sase, T., Utsugawa, T., Aoki, K., 1991. Holocene Volcanic Ash Soils at Waimangu Road 
Tephra Section, North Island, New Zealand―Soil Formation- Vegetation Relationship―. The Quaternary 
Research 30, 91-101 (in Japanese with English abstract). 
Hosono, M., 2016. Memorandum about the term “loam”. The Association for Kanto Quaternary Research 
Newsletter 191 (in Japanese). 
Hotta, S., Kubota, S., Katori, S., Horikawa, K., 1985. Sand transport by wind on a wet sand surface. 
Proceedings of the19th Coastal Engineering Conference. Houston, 1265-1281. 
Honna, T., Yamamoto, S., Matsui, K., 1988. A simple procedure to determine melanic index that is useful for 
differentiating melanic from fulvic Andisols. Pedologist 32, 69-78. 
Hughes, M.K., Diaz, H.F., 1994. Was there a ‘Medieval Warm Period’, and if so, where and when? Climatic 
Change 26,109-142. 
Huffman, G. G., Price, W. A., 1949. Clay dune formation near Corpus Christi, Texas. Journal of Sedimentary 
Petrology 19, 118-127.  
Hunter, R. E., 1977. Basic types of stratification in small eolian dunes. Sedimentology 24, 361-387. 
Inoue, K., 1981. Implication of Eolian Dusts to 14Å Minerals in the Volcanic Ash Soils in Japan. Pedologist 
25, 97-118 (in Japanese with English abstract). 
Inoue, K., Naruse, T., 1987. Physical, chemical, and mineralogical characteristics of modern eolian dust in 
Japan and rate of dust deposition. Soil Science Plant Nutrition 33, 327-345. 
IPCC Working Group I, 2007. Fourth Assessment Report: Climate Change, 6.6 The Last 2000 Years. 
Intergovernmental Panel on Climate Change, pp468-469. 
142 
 
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/contents.html  Accessed 2 February, 2015. 
Japanese Society of Pedology, 1997. Dojou chousa Handbook (Handbook of Soil Survey). Hakuyusya, Tokyo 
(in Japanese). 
Japanese Society of Pedology, 2002. Unified Soil Classification System of Japan―2nd Approximation―. 
Hakuyusya, Tokyo (in Japanese). 
Japan Meteorological Agency, 2017. http://www.jma.go.jp/jma/index.html  Accessed 18 April, 2017.  
Japan Oceanographic Data Center, 2017. http://www.jodc.go.jp/jodcweb/aboutInfo_j.html  Accessed 26 
March, 2017.  
Jet Propulsion Laboratory California Institute of Technology, News November 16, 2015. NASA’s Curiosity 
Mars Rover Heads toward Active Dunes. http://www.jpl.nasa.gov/news/news.php?feature=4772  Accessed 5 
February, 2016. 
Kashimacho history editing committee, 1972. Kashimacho history vol.1. Kashimacho, Ibaraki, 
Japan (in Japanese) 
Kato, Y., 1962. Light Mineral Composition of the Kanto Loam Formation. Earth Science 62, 11-19 (in Japanese 
with English abstract). 
Kato, M., Fukusawa, H., Yasuda, Y., Fujiwara, O., 1999. Varved Lacustrine Sediments of Lake Tougou-ike, 
Western Japan with Reference to Holocene Sea-level Changes in Japan. Geographical Reports of Tokyo 
Metropolitan University 34, 25-38. 
Katui, Y., Suzuki, T, Sone, T., Yoshihisa, Y. 1989. 1:50000 Geological Map of Hokkaido-Komagatake Volcano. 
Geological map of volcanoes 5, Geological Survey of Japan (in Japanese with English abstract). 
Kennedy, N., 1994. New Zealand tephro-chronology as a tool in geomorphic history of the Geomorphology 9, 
97-115. 
Kimura, M., Fuziyama, H., Kondo, Y., Kondo, R., Sase, T., Otsuki, H., 1972. On the Ancient Dunes in the 
Tockachi Plain, Hokkaido (PartⅡ). The Quaternary Research 4, 161-170. 
Kocurek, G., Dott, R. H., 1981. Distributions and uses of stratification types in the interpretation of eolian sand. 
Journal of Sedimentary Petrology 51, 579-595. 
Koike K., Machida H., 2001. Atlas of Quaternary marine terraces in the Japanese islands. University of Tokyo 
143 
 
Press, Japan (in Japanese). 
Kok, J. F., Parteli, E. J. R., Michaels, T. I., Bou Karam, D., 2012. The physics of wind-blown sand and dust. 
Reports on Progress in Physics.75, 106901. CrossRef (http://arxiv.org/ftp/arxiv/papers/1201/1201.4353.pdf) 
Kumada, K., 1987. Chemistry of soil organic matter. Japan Scientific Societies Press, Tokyo. 
Kurahayashi, S., 1972. The Clay Mineralogical Property of the Daisen Volcanic Ash Formation. The Journal 
of the Geological Society of Japan 78, 1-11 (in Japanese with English abstract). 
Kuroki, N., 1996. Ganseki-kobutsu no bunkosokushiki hou (Rock and mineral Spectrophotometry). The earth 
monthly 18, 213-216 (in Japanese). 
Laity, J. E., 2009. Landforms, landscapes, and processes of Aeolian Erosion. In: Parsons, A.J., Abrahams, A.D. 
(Eds), Geomorphology of Desert Environments, 2nd ed. Springer, Netherlands, pp597-627. 
Lancaster, N., 1982. Linear dunes. Progress in Physical Geography 6, 476-504. 
Lancaster, N., 2009. Dune Morphology and Dynamics. In: Parsons, A.J., Abrahams, A.D. (Eds), 
Geomorphology of Desert Environments, 2nd ed. Springer, Netherlands, pp557-595. 
Livingstone, L., 1993. A decade of surface change on a Namib linear dune. Earth Surface Processes and 
Landforms 18, 661-664. 
Lowe, D. J. (Eds), 1994. Field trip guides. International Inter-INQUA Field Conference and Workshop on 
Tephrochronology, Loess, and Paleopedology. University of Waikato, New Zealand, pp50-53. 
Lowe, D. J., Tonkin, P., Palmer, J., 2008. Dust Horizons. In: Graham, I. J. (Eds), A Continent on the Move: 
New Zealand Geoscience into the 21th Century. Geological Society of New Zealand. 
Machida, H., Moriwaki, H. Zhao, D.C., 1990. The recent major eruption of Changbai Volcano and its 
environmental effects. Geographical Reports of Tokyo Metropolitan University 25, 1-20.  
Machida, H., Oba, T., Ono, A., Yamazaki, H., Kawamura, Y., Momohara, A. (Eds), 2003. Quaternary Research. 
Asakura Publishing. Japan, 325pp (in Japanese). 
Machida, H., Arai, F., 2003. Atlas of Tephra in and around Japan (new edition). University of Tokyo Press, 
Japan (in Japanese). 
Maejima, I., Tagami, Y., 1982. Chusekinse ni okeru kiko hendo to saigai (Climate changes of disasters in the 
Middle Ages and Early Modern). Chiri 27, pp33-43, (in Japanese), Kokonshoin, Tokyo. 
144 
 
Matsumoto, H., 1984. Beach Ridge Ranges on Holocene Coastal Plains in northeast Japan ―the Formative 
Factors and Periods―. Geographical Review of Japan 57, 720-738 (in Japanese with English abstract). 
Matsushima, Y., 2010. Warmings of the Tsushima Current during the Holocene as deduced from the 
distribution of warm molluscan assemblages. The Quaternary Research 49, 1-10 (in Japanese with English 
abstract).  
McKee, E. D. 1966. Structures of dunes at White Sands National Monument, New Mexico. Sedimentology 7, 
3-69. 
McKee, E. D. (Eds), 1979. A Study of Global Sand Seas. US Geological Survey Professional Paper 1052, 
429pp. 
Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-being: Desertification Synthesis. 
Appendix A .World Resources Institute, Washington, DC. 
CrossRef (http://www.millenniumassessment.org/en/index.html) 
Miura, H., Sase, T., Hosono, M., Kariya, Y., 2009. Quaternary soils and environmental changes: history and 
genesis of characteristic soil layers in Japan. In: Digital book: Progress in Quaternary Research in Japan, The 
Japan Association for Quaternary Research, CD-ROM and booklet, 30pp (in Japanese). 
Miyazawa, K., 1965. Classification problems of the Volcanic ash soils. Pedologist 9, 41-50. (in Japanese) 
Nagano, T., Nakasima, S., 1989. Study of colors and degrees of weathering of granitic rocks by visible diffuse 
reflectance spectroscopy. Geochemical Journal 23, 75-83 
Naruse, T., 1989. Coastal Sand Dunes in Japan. Geographical Review of Japan 62 A-2, 129-144 (in Japanese 
with English abstract). 
Naruse, T., 1998. Eolian Dust Deposition and the Monsoon Changes during the Last Glacial Age in Japan. The 
Quaternary Research 37, 189-197 (in Japanese with English abstract). 
Naruse, T., 2003. Monsoon Changes Since the last Interglacial Period Viewed from Eolian Dust and Loess. 
Journal of Geography 112, 794-799 (in Japanese). 
Naruse, T., 2006. Eolian dusts and Loess. Asakura Publishing, Tokyo, 197pp (in Japanese). 
Naruse, T., Inoue, K., 1982. Loess in North Kyushu and Yonaguni Island: Implication of Eolian Dust in the 
Late Pleistocene. Journal of Geography 91, 164-180 (in Japanese with English abstract). 
145 
 
Naruse, T., Inoue, K., 1983. Loess Buried in the Paleo-sand Dunes in San’in and Hokuriku along the Coast of 
Japan Sea. Journal of Geography 92, 118-129 (in Japanese with English abstract). 
Nickling, W. G., Mckenna Neuman, C., 2009. Aeolian Sediment Transport. In: Parsons, A. J., Abrahams, A. D. 
(Eds), Geomorphology of Desert Environments, 2nd ed. Springer, Netherlands, pp517-555. 
Niigata Ancient Dune Research Group, 1967. Ancient Dunes along the Coast of the Japan Sea. The Quaternary 
Research 6, 19-28 (in Japanese with English abstract). 
Nojiri-ko Lake volcanic ash group, 2001. New Edition Kazambai bunseki no tebiki (Volcanic ash analysis 
guide). The Association for the Geological Collaboration in Japan, 56pp. 
Ogasawara, Y., 1948. Wind abrasion forms in Isozaki, Ibaraki. Japan. Geographical Review of Japan 21, 97-
104 (in Japanese). 
Ogasawara, Y., 1951. Studies on the Wind Abrasion Land Form in Japan―centering on them in Shimokita 
Peninsula and the Eastern Kanto District. Miscellaneous Reports of the Research Institute for Natural 
Resources 19-21,110-118 (in Japanese with English abstract). 
Ohmori, H., 1975. Coastal Terraces in the Esashi District of the Oshima Peninsula in Hokkaido. The 
Quaternary Research 14, 63-76 (in Japanese with English abstract). 
Ohya, M., Ichinose, Y., 1958. Coastal Sand-dunes of the Shimokita Peninsula -Part 1-. Miscellaneous Reports 
of the Research Institute for Natural Resources 46-47, 5-12 (in Japanese with English abstract). 
Okamoto, T., Daimaru, H., Ikeda, S., Yoshinaga, S., 2000. Human Impact on the Formation of the Buried 
Forests of Thujopsis dolabrata var. hondai in the Northeastern Part of Shimokita Peninsula, Northeastern Japan. 
The Quaternary Research 39,215-226 (in Japanese with English abstract). 
Ota, Y., Seto, N., 1968. Note on the Problems of Sand Dunes at the Coastal Area along the Sagami Bay, 
Kanagawa Prefecture, Central Japan. Science reports of the Yokohama National University. Section II 14, 35-
60 (in Japanese with English abstract). 
Ota, Y., Umitsu, M., Matsushima, Y., 1990. Recent Japanese Research on Relative Sea Level Changes in the 
Holocene and Related Problems ―Review of Studies between 1980 and 1988―. The Quaternary Research 29, 
31-48 (in Japanese with English abstract). 
Pécsi, M., 1968. Loess. In: Fairbridge, R. W. (Eds), Encyclopedia of Geomorphology. Reinhold, New York, 
146 
 
pp674-678. 
Peterson, S. T., Junge, C. E., 1971. Sources of particulate matter in the atmosphere. In: Matthews, W. W., 
Kellogg, W. W., Robinson, G.D. (Eds), Man’s Impact on the Climate. MIT Press, Cambridge, Massachusetts, 
pp310-320. 
Pye, K., 1984. Loess. Progress in Physical Geography 8, 176-217. 
Pye, K., Tsoar, H., 2009. Aeolian Sand and Sand Dunes, 2nd ed. Springer, Germany, 458pp. 
Ravi, S., Zobeck, T. M., Over, T. M., Okin, G. S., D’Odorico, P., 2006. On the effect of moisture bonding forces 
in air-dry soils on threshold friction velocity of wind erosion. Sedimentology 53,597-609. 
Saisetsusei Taisekibutsu Kenkyukai, 1983. Method for the study of sediment. The Association for the 
Geological Collaboration in Japan, Tokyo, 377pp (in Japanese). 
Sakaguchi, Y., 1983. Warm and cold stages in the past 7600 years in Japan and their global correlation-
Especially on climatic impacts to the global sea level changes and ancient Japanese history. Bulletin of the 
Department of Geography, University of Tokyo 15, 1-31. 
Sakaguchi, Y., 1993. Kako 8000 nen no kiko henka to ningen no rekishi (A climate change for the past 8000 
years and the human history). Studies in the humanities Journal of the Senshu University Research Society 51, 
79-113 (in Japanese). 
Sakamoto T., Tanaka K., Soya T., Noma T., Matsuno K., 1972. Geology of the Nakaminato District. Geological 
Survey of Japan (in Japanese with English abstract). 
Sase, T., Hosono, M., 1996. Vegetation histories of Holocene volcanic ash soils in Japan and New 
Zealand―Relationship between genesis of melanic volcanic ash soils and human impact―Earth Science 50, 
466-482. 
Sase, T., Hosono, M., Suzuki, M., Tanino, K., 2003. Opal phytoliths detected in Aeolian dust, so called “Kosa”, 
in March and April, 2002. Earth Science 57, 3-5 (in Japanese). 
Sawa, S., Arakawa, H., 1958. Operations Research of NW or Winter Monsoon over Tsugaru- Strait. The 
Journal of Meteorological Research 10, 1-22 (in Japanese with English abstract).  
Shao, Y. P., 2000. Physics and Modelling of Wind Erosion. Kluwer Academic, Boston, 393pp. 
Shinbori, T., Gohara, Y., Nomura, S., 1964. The significance of the Genkai dunes in North Kyushu―On the 
147 
 
dunes consist of loessial formation, Miscellaneous Reports of the Research Institute for Natural Resources 63, 
49-63 (in Japanese with English abstract). 
Soil Survey Staff, 1999. Soil Taxonomy, Second Edition. USDA Agriculture Handbook 436, Washington, 
pp271-272. 
Sumi Y., Kakimi T., Mizuno A., 1970. 1:50000 Geological Map of Japan, Esashi with Explanatory Text. 
Hokkaido Development Agency, Japan (in Japanese). 
Sun, J. M., 2002. Provenance of loess material and formation of loess deposits on the Chinese Loess Plateau. 
Earth and Planetary Science Letters 203, 845-859. 
Suzuki, K., 2011. Samayoeru Mizumi. Chuokoron-Shinsha, Tokyo, 407pp. (A Japanese version in translation: 
Hedin, S., 1903. Central Asia and Tibet. Charles Scribners and Sons, New York). 
Suzuki, M., 1992. Paleoenvironments on the Ages of Humus Sand, along the Dune in the western part of 
Oshima Peninsula, Southern Hokkaido. The bulletin of Dohto University Junior College Division 26, 81- 91(in 
Japanese). 
Suzuki T., 1989. Geomorphic Development of the Late Pleistocene Terraces and Buried Valleys in Southern 
Joban Coastal Region, North Kanto, Japan. Geographical Review of Japan 62, 475-494 (in Japanese with 
English abstract). 
Suzuki, T., 1995. Origin of So-called Volcanic-Ash-Soil: ―Thickness Distribution in and around Central 
Japan―. Bulletin of the Volcanological Society of Japan 40, 167-176 (in Japanese with English abstract).  
Svasek, J. N., Terwindt, J., H., J., 1974. Measurements of sand transport by wind on a natural beach. 
Sedimentology 21,311-322. 
Tada, F., 1948. Wind-dissected dune in Kashima Peninsula. Japan. Geographical Review of Japan 21, 282-288 
(in Japanese). 
Tada, F., Naganuma, N., Ayuba, G., Sumita, Y., Ichinose, Y., Kobayashi, K., 1971. Research on Relationship 
between the Formation of Sand Dunes and Intercalated Humic Layers. The Quaternary Research 10, 124-133 
(in Japanese with English abstract). 
Tagami, Y., 2017. Climatic environmental variation in Japan during the Medieval Warm Period. In: Yamakawa, 
S., Tokiwa, K., Watarai, Y. (Eds), Encyclopedia of Climatic Variations. Asakura Publishing Co., Ltd., Tokyo, 
148 
 
pp310-317 (in Japanese). 
Takaya, K., Nakamura, H., 2007. Low frequent Variability of the Siberian high and East Asian winter monsoon. 
Low Temperature Science 65, 31-42 (in Japanese with English abstract).   
Takebe, Y., Naruse, T. 1998. Formation of Coastal Sand Dunes Caused by Agricultural Landform 
Transformation since the Edo Era on the Shirasu Plateau, Kagoshima. The Quaternary Research 37, 107-115 
(in Japanese with English abstract).  
Takenaka, H., 1968. On the Physical Properties of the Kanto Loam. The Quaternary Research 7, 109-115 (in 
Japanese).  
Tanino, K., 2000 Environments of the formation of dunes at Shiriyazaki in the Shimokita Peninsula, Aomori 
Prefecture. The Quaternary Research 39, 471-478 (in Japanese with English abstract). 
Tanino, K., Hosono, M., Suzuki, M., Watanabe, M., Aoki, K., 2003. Genesis of Esashi dunes in the Oshima 
Peninsula, Hokkaido, Japan: A study based on physico-chemical properties of the dune components. The 
Quaternary Research 42, 231-245 (in Japanese with English abstract).  
Tanino, K., Hosono, M., Watanabe, M., 2013. Physicochemical properties and geomorphic history of tephric-
loess-derived dunes in Shiriyazaki, Japan. Geographical Review of Japan 86, 229-247 (in Japanese with 
English abstract). 
Tanino, K., Hosono, M., Watanabe, M., 2016. Distribution and Formation of Tephric-Loess Dunes in Northern 
and Eastern Japan. Quaternary International 397, 234-249. 
Tonosaki, K., Uda, T., Igarashi, Y., Iwasaki, F., Hatanaka, T., 1993. The Development and transformation of 
dunes in Ajigaura. Coastal Engineering Journal 40,286-290 (in Japanese). 
Toyoda, S., Naruse, T., 2002. Eolian Dust from the Asian Deserts to the Japanese Islands since the Last Glacial 
Maximum: the Basis for the ESR Method. Japanese Geomorphological Union 23-5, 811-820.  
Toyoda, S., Nagashima, K., Yamamoto, Y., 2016. ESR signals in quartz: Applications to provenance research 
–A review. Quaternary International 397, 258-266. 
Tsoar, H., 1978. The Dynamics of Longitudinal Dunes. Ph. D. Thesis, Ben-Gurion University of the Negev. 
Israel, 171pp.  
Tsoar, H., 1983. Dynamic processes acting on a longitudinal (seif) sand dune. Sedimentology 30, 567- 578.  
149 
 
Tsoar, H., Pye, K., 1987. Dust transport and the question of desert loess formation. Sedimentology 34, 139-
154. 
Tsushima K., Takizawa F., 1977. Geology of the Shiriyazaki District. Geological Survey of Japan, 36pp (in 
Japanese with English abstract). 
Thornbury, W. D., 1969. Principles of Geomorphology, 2nd ed. John Wiley & Sons, Inc. New York. 
Uesugi, Y., 1972. Some Characteristics of the Aeolian and Marine Sands Reflected upon the Size Distributions. 
The Quaternary Research 11, 49-60 (in Japanese with English abstract). 
Vucetich, C. G., Pullar, W. A., 1969. Stratigraphy and chronology of late Pleistocene volcanic ash beds in 
central North Island, New Zealand. New Zealand Journal of Geology and Geophysics 12, 784-837. 
Wada, K., 1977. Active Aluminum in Kuroboku Soils and Non-and Para-Crystalline Clay Minerals. Journal of 
the Clay Science Society of Japan 17, 143-151 (in Japanese with English abstract). 
Wasson, R.J., Hyde, R., 1983. Factors determining desert dune type. Nature 304, 337-339. 
Yamada, K., Kamite, M., Saito-Kato, M., Okuno, M., Shinozuka, Y., Yasuda, Y., 2010. Late Holocene 
monsoonal-climate change inferred from Lakes Ni-no-Megata and San-no-Megata, northeastern Japan. 
Quaternary International 220, 122-132. 
Yanai, S., Gansawa, Y., Komori, Y. 1992. The stratigraphy and distribution of Nigorikawa tephra, latest glacial 
age time-marker in southwest Hokkaido. The Journal of the Geological Society of Japan 98, 125-136 (in 
Japanese with English abstract). 
Yoshinaga, S., 1995. Paleoclimatic Implications in Variations of Physical, Chemical, and Mineralogical 
Properties of Weathered Volcanic Ash Soils in the Tokachi Plain. The Quaternary Research 34, 345-358 (in 
Japanese with English abstract). 
Yoshikawa, S., 1976. The Volcanic Ash Layers of Osaka Group. Journal of Geography (Chigaku Zasshi) 82, 
497-515 (in Japanese with English abstract). 
Yonebayashi, K., 1993. C/N ratio. In: Kyuma, K. Sakuma, T., Syoji, S., Suzuki, A., Hattori, T., Mituchi, M., 
Wada, K. (Eds), Dojyo no Jiten. Asakura Publishing. Japan, 576 pp (in Japanese). 
Zhang, Y.F., Inoue, K., Sase, T., 1994. A Long-range Transported Eolian Dust Found in Tephra of the Iwate 
Volcano after the Fall of the Toya Ash. The Quaternary Research 33, 131-151(in Japanese with English 
150 
 
abstract). 
 
